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Abstract
Fork flop can play an important role in the performance of a mountain bike. This phenomenon of fork
flop is known as the tendency that the front wheel of a bike wants to flop over to one side when moving
slowly. The fork flop experienced on a bicycle changes with the geometry of the bike, but our team sought
to change the fork flop experienced through an adjustable internal spring design that attaches to the bicycle
instead. From our research, we decided to utilize torsion springs as the method for mitigating fork flop. We
also decided to use load cells and a DAQ to compile and compare the data of our test bicycles. After creating
a prototype, we compared the moments experienced on a bicycle with an extremely slack head angle to that
of a bicycle with a steep head angle. The bicycle with a slack head angle had our prototype placed on it to
provide the fork flop mitigation. Our results show that the bicycle with the slack head angle experienced
less moments with our design placed on it, putting it on a comparable level to that of a bicycle with a steep
head angle. These results suggest that our internal spring design can mitigate the fork flop experienced on
a bicycle without changing the bicycle’s geometry. Our prototype gives an important conclusion that
bicycle riders can change the performance of their bicycle without the need for a complete overhaul of their
bike.
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1.0 Introduction
Our team is comprised of four mechanical engineering students, Drew Drees, Matt Mounteer, Jonah
Masumoto, and Camden Boshart, studying at California Polytechnic University in San Luis Obispo. The
project itself is being sponsored by one of Cal Poly’s own ME professors, Andrew Kean who is an avid
bicycle enthusiast along with his career as a professor. The project we are working on centers around an
important component of every bicycle that allows for rotation of the handlebars in relation to the frame of
the bicycle; that is the headset. Our solution will address the problem of steering at slow speeds in which
the fork of the bike seems to flop from side to side depending on bicycle geometry and focus on mitigating
this issue through an adjustable spring attached to the headset. This challenge comes from the experience
and creativity of Professor Kean, who presented the project to us.
The goal of this final design report is to present our final design and the process we undertook to
develop this design. To demonstrate Professor Kean’s intention for this project, a scope of work was agreed
upon through background research, developing objectives, and finalizing project management directives.
Specifically, with our background research we described the extensive exploration conducted on everything
applicable to our bicycle headset from similar patents to journals that document adjustable springs that we
could utilize. With our objectives section, we fully established the goals, criteria, and deliverables for our
project by defining our problem statement, utilizing our QFD process, and identifying high-risk
specifications. Our concept design section details our concept development process followed by a final
design section that shows our final design direction. Initial analysis and cost estimation gave our team the
needed insight to the feasibility of this solution. From there, we constructed a manufacturing plan and
design verification plan to make and test our determined design direction. Safety, maintenance, and repairs
was also considered for the life of the assembly.

2.0 Background
2.1 Customer Observation and Research
Customer observations and research were conducted virtually in the form of interviews and forum
research. The first part of forum research included finding previously posted forums from mtbr.com
discussing the issue of fork flop. The results from this search included a forum discussing the severity of
wheel flop on 29-inch mountain bikes. A few users were expressing how the flop would negatively impact
their slow speed turning. The solution that responders offered was to either change riding technique, move
to a 26-inch bike, or adjust the bike geometry, with the large majority chalking it up to bike geometry
(sloppymoeley).
Further customer research was conducted by posting a question to a forum on mtbr.com. The
question asked about experience with fork flop, potential solutions to the problem, and if users were
interested in a product that could solve the problem. Most users responded explaining that they have
experienced fork flop and acknowledging it as an issue. However, some of the experienced users claimed
that it is no longer an issue as it became second nature to ride through it. The general conclusion was that
it is accepted as a negative trade-off for achieving a slacker head tube angle. It has just become something
that riders have to deal with to have the desired high-speed stability. Another topic that came up is that one
user was very interested in this idea for the sole purpose of eliminating wheel flop when the bike is leaned
in a stationary position (“Fork Flop”).
The final source of customer observation was through an interview with an avid mountain biker
who has a job assembling bikes for a shop. He explained how pertinent the issue of fork flop was on slow
climbs and how it is a constant obstacle to overcome. He showed great interest in a potential product that
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could lessen or potentially even eliminate the effects of flop. Through experience assembling various bikes,
he was also able to give some insight on common shapes and constructions of headsets and head tubes
(Campbell).

2.2 Existing Designs and Patents Research
In order to be as thorough as possible, research of similar products and existing inventions was
conducted to further understand different approaches that possibly address the issue of fork flop. As far as
existing products, numerous options available on the market today address the issue of speed wobbles, a
phenomenon which occurs at high speed and induces rapid rotational oscillation of the fork. The products
shown in Figure 2.1 below display solutions to this issue in the form of dampening the rotational motion of
a fork on both bicycles and motorcycles.

(a)
(b)
(c)
Cane Creek product page
Louis product page
MSC product page
Figure 2.1 A bicycle headset with damping (a), a motorcycle damper (b) and coil spring (c).
Other products demonstrate rotational torque, such as a common coil (quill) spring in Figure 2.1c
(MSC product page), which provides a corrective torque found in the lever of a drill press. Similar spring
products are commonly available such as the ViscoSet (Cane Creek product page) shown in Figure 2.1a but
do not provide any application that is applied directly to fork flop. Although there appear to be products
available with applications to steering on bicycles and motorcycles (Figure 2.1b, Louis product page) that
reduce the phenomenon of speed wobbles using damping, no products were found that use a corrective
spring to center the fork of a bicycle to eliminate fork flop. Additional products are shown below in Figure
2.2 which represent products that could be used indirectly to solve the issue of fork flop. The first product
to the left (Feedback Sports product page) is a handlebar holder (highlighted in yellow) which is put to use
when the user is not riding their bicycle and doing maintenance. The second product shown to the right
(Perennial Cycle product page) is a handlebar stabilizer that uses a spring mounted to the frame and is
attached to the fork.

(a)
(b)
Feedback Sports product page
Perennial Cycle product page
Figure 2.2 A handlebar flop stopper (a) and handlebar stabilizer (b)
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Because existing product-based solutions that specifically address fork flop with low head angles
are unavailable, we also looked into existing patents. As we conducted patent research, the scope of the
problem was narrowed from general bicycles to torsion spring applications. The results are summarized in
Table 2.1, below. It should be noted that while there were no patents that provided similar solutions to fork
flop, the inventions listed below represent the findings of the patents search which provide the most
innovative approaches to the secondary issue of adjustable springs.
Table 2.1 Summary of patent research and findings related to headset and torsional springs
Patent Number
US 006471229 B2
US 005826898 A

Patent Name

Year of Patent

Bicycle Steering Dampening
Apparatus and Apparatus for
installing the Same
Modular Steering Headset
for Use on a Bicycle

2002
1998

Notable Qualities
- Consists of an assembly containing an arcuate
rod through a dampener
- Only addresses damping
- Contains a modular headset that threads onto
tube
- Uses a clamp style mechanism to attach to fork
- Appears to have robust threaded features

US 7192044 B2

Bicycle Headset

2007

US 10495171 B1

Torsion Springs with
Changeable Stiffness

2019

- Idea provides adjustable spring rate
- Provides schematic diagrams
- Contains multiple springs

1995

- Adjustable spring rate using simple torsion
spring
- Includes several different ideas about how to
implement adjustable spring rates
- Uses multiple springs and a bolt

US 005464197 A

Torsion Spring Having an
Adjustable Spring Rate

As seen from the patents listed above, many inventions show the development of adjustable
torsional springs in various configurations with open-ended applications. Additionally, the patents that
pertain to headsets specifically do not address the issue of fork flop, but rather are developments of headsets
themselves with only one directly addressing steering. After conducting this search using the Google Patent
tool online, the ideas presented in the table above will be used to help guide and narrow preliminary design
solutions When coming to a conclusion on the final design, it is possible that an internally adjustable spring
will have many similar features to those highlighted in the patents above.

2.3 Technical Literature Research
In David Jones’ study, The stability of the bicycle, he aimed to amend previous theories that failed
to treat steering as more than a trivial matter. Jones challenged the theories that a falling rider can correct
their course by steering toward the direction of fall and that steering stability is centered in the ability of
the front wheel to swivel freely. Calling upon a simple hoop's ability to roll freely without the ability to
steer, Jones relates a bike to a "hoop with a trailer" (Jones 51). Additionally, a bike's ability to steer and
ride stably becomes a function of the fork geometry, rider speed, and castering forces seen. Unlike higher
speed, four-wheeled machines, bikes don’t have pneumatic systems built-in to assess and correct sideways
forces on the tires. To better understand the twisting forces and ability to self-center, Jones created an
experiment where a bike was released at varying speeds, then a force was applied to the handlebars,
knocking the fork off center. As predicted, the faster the bike was pushed, the better chance of selfcorrection there was for an equally applied load. According to Jones, the level of self-centering when
traveling backward was completely diminished as the wheels quickly began to travel in "diverging
directions" (Jones 56). For the more common case of forward travel on a bike, the trailing frame and tire
will follow in line with the front wheel as it steers in either direction.
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The Stability and Control of Motorcycles by R. S. Sharp gives great insight as how to model
stability of two wheeled vehicles (Sharp 316). It includes useful free body diagrams and equations of
motions to analyze the forces on the vehicle. The most helpful resource is the plots where it shows vehicle
speed vs. stability. This will prove useful for finding the unstable region of the bike and focus on this area
to address the issue of fork flop and see if the stability can be increased for that unstable region.
Drawing from other sources of literature, a thorough analysis of bicycle physics has been performed
in Model of a Bicycle from Handling Qualities Considerations (Davol et al. 23). While numerous equations
related to bicycle stability and analysis are presented in this document one section of interest covers the
specific problem being tackled in this project, fork flop. It is likely that the equations developed in this
document will be used to perform preliminary hand calculations to estimate certain loading conditions on
the fork itself. While there is a certain amount of hand-waving in these derivations they do at least provide
some insight into how to approach analyzing the physics of bicycles.
Looking at another source of literature, Tony Foale’s Motorcycle Handling and Chassis Design,
contains a great chapter that focuses on the steering and stability of motorcycles which correlates very
closely to bicycles as well. Perhaps the most interesting concept about the steering and stability of a single
track vehicle is counter-steering, in which a rider turns the handlebars slightly in the opposite direction of
a turn in order to get the vehicle to lean into the turn more quickly (Foale, 4-1 – 4-9). This may be something
we have to consider in our design since riders may be fighting the force of the spring we attach to keep
stability, which would be disturbed when a rider counter steers in order to lean the bike. Additionally, there
is a lot of information presented concerning the torques present in steering and how the vehicle reacts
(Foale, 4-9 – 4-12). This information will also be something we will have to keep in mind with our design
because we will be adding additional forces with our spring.
To further understand what design considerations affect the control of a bicycle, the most common
mechanisms for explaining self-stability are broken into three advancements: gyroscopic precession, trail
for steering in direction of lean, and trail for steering alignment (Meijaard 10). Perhaps the most useful
interesting point for our problem of fork flop is trail, which is defined as the horizontal distance between
the point where the steering axis of the front wheel intersects the ground and the point where the front tire
contacts the ground. A bike with higher trail is characteristic of a mountain bike while one with lower trail
is more common to pavement ridden bikes. Trail can contribute to the wheel-aligning forces seen when
traveling in a forward direction. Additionally, trail also couples leaning to steering, as seen by the wheel
stabilizing while the bike begins to tip to one side or another (Meijaard 12).

2.4 Industry Codes and Standards Research
When it comes to designing an adjustable spring that affects the rotation of the headset of a bicycle,
we needed to understand the standards or codes that apply to components such as the head tube, fork, and
the headset itself. As such, we found many standards stemming from the American Society for Testing and
Materials (ASTM) which cover specific classifications for bicycles as a whole and their individual
components. Below is a list of all the codes we found that may help us in our future design.
•
•
•
•
•

F2043 – Standard Classification for Bicycle Usage (Standard Classification, 1-3)
F2274 – Standard Specification for Condition 3 Bicycle Forks (Standard Specification…Forks, 1-2)
F2273 – Standard Test Methods for Bicycle Forks (Standard Test…Forks, 1-6)
F2614 – Standard Specification for Condition 3 Bicycle Frames (Standard Specification…Frames,
1-2)
F2711 – Standard Test Methods for Bicycle Frames (Standard Test…Frames, 1-7)
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3.0 Objectives
To address the issue of fork flop on a bicycle fork, it is critical to outline clear objectives and discuss
goals, evaluation criteria and the deliverables of the project. To begin, a problem statement was drafted and
is shown below.
Problem Statement: Mountain bike riders need a way to oppose the effects of fork flop while riding at
low speeds or climbing steep terrain because current bike geometries with slack head angles improve
high speed performance while compromising low speed stability.
The solution to this problem involves the implementation of an adjustable spring rate inside of a
headset. While the primary focus of this project does not involve the design of a headset, an existing headset
will likely be chosen that complies with important criteria which will be discussed later. In the diagram
below, a boundary sketch is shown that isolates just the head set which consists of an upper bearing-race
assembly and a lower bearing-race assembly.

Figure 3.1 Boundary diagram isolating a headset on a bicycle frame.
In addition to narrowing the scope of the project using the boundary sketch above, a list of customer
needs and wants was generated. The list of customer needs and wants is provided in the Appendix A. The
list was compiled from different sources and sheds light on some important criteria for the design. Certain
needs, such as “enclosed moving parts”, suggest that the ideal design will be inside of the headset and it
should be noted that the design which will ultimately be carried through into prototyping will likely be
fitted to a particular headset for a specific bicycle. Because this project’s main focus is just around a proof
of concept, the aforementioned goal may be a reach goal and not necessarily a certainty in the final design.
The stakeholder needs represent a significant part of the design process as these items were used to decide
on certain criteria for testing and were further processed using QFD analysis.
A completed house of quality (QFD) is provided in Appendix B. Using the customer list of needs
and wants, the house of quality was generated and narrowed down to four user groups consisting of downhill
riders, cross country riders, road riders and commuters. Next, engineering specifications (tests) were listed
vertically and finally the center (What vs. How) of the house of quality was filled in. The individual symbols
in the center represent a strong relationship with a solid dot, a moderate relationship with an empty dot or
a weak relationship with the upside-down triangle. While the symbols were assigned to each of the boxes
based mostly on conjecture, the assignments were discussed and approved between all teammates.
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After the “What vs. How” section of the house of quality was completed, the direction of
improvement was completed which ultimately serves as a guide for which features should be the primary
focus. It was clear based on this analysis that spring adjustability, weather/heat resistance, user feedback
and aesthetics were all areas of improvement that would demand the most attention. Additionally, below
the “What vs. How”, target values were assigned to the specifications to provide a benchmark during
testing. It should be noted that there were not many current products that existed, so it was decided to leave
this column/row empty and only use four existing products that remotely address the same issue.
As seen in Table 3.1, Engineering Specifications were created from our QFD House of Quality to
evaluate criteria for our project. To develop these criteria, the customer needs were discussed in terms of
both measurable and attainable specifications. Measuring each aspect of the customer requirements is
essential for delivering a viable solution, and therefore having a successful project.
Table 3.1. Engineering specifications derived from QFD House of Quality
Spec #
1

Specification Description
Spring Adjustability

2

Heat Resistance

3
4

Weight
Adjustment Time

5

Weather Resistance

6
7
8
9
10

Cost
Installation Time
User Feedback
Aesthetic
Fork Flop Stiffness
Maximum Diameter
(Internal Integration)
Maximum Volume (External
Integration)

11
12

Target (units)
4 Levels of Adjustability
Maintains 80% of Optimal
Function under 150 °F+ Heat
2 lbs
60 seconds
Maintains 80% of Optimal
Function
$100
20 mins
75% Satisfaction
75% Satisfaction
50 N/rad

Tolerance
Min

Risk
L

Compliance
I, T

+/- 20%

M

A, T

Max
Max

M
L

A, T, I
T, S

+/- 20%

M

T, A

Max
+/- 5 mins
+/- 10%
+/- 10%
+/- 10 N/rad

H
M
H
M
H

A
T, A
A, S
A, S
A, T

1.5 in

+/- .125 in

L

A, T, I

57 in3

+/- 10 in3

L

A, T

1.

Spring adjustability is the ability for the user to adjust the desired correcting force in the headset to
four different levels. As this is an integral part of our design that will drive the structure, this
specification will be a low risk item that will be measured by simple investigation.

2.

Heat resistance is the product’s ability to withstand adverse heat conditions, whether that be through
continuous usage or heightened surrounding temperatures. Maintaining 80% of normal function
when under these adverse conditions is essential for our design and poses a medium risk of not
meeting this specification. To measure this specification, the design will be heated to nearly 150
°F, then fork flop stiffness will be taken.

3.

Riders are consistently concerned with bike weight so fixing one problem while adding to another
does not improve the user experience. As such, a maximum weight of 2 pounds for our design is
required and was derived in relation to the average weight of a mountain bike being 30 pounds.
Weighing the design prior to installation will provide the necessary results for meeting this
requirement.
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4.

The adjustment time requirement of a maximum of 60 seconds reflects a rider’s need to make ontrail adjustments while not being left behind. A simple design with an adjustable headset can be
tested by having users adjust the headset in real time while timing them.

5.

Similar to adverse environmental conditions, this design must maintain a large portion of its
possible function under muddy, wet, and dusty conditions that are typical to bike trails. To
determine if our design maintains 80% of optimal function, the headset can be exposed to three
different conditions while measuring fork flop stiffness.

6.

A low-cost product will appeal to more consumers but the implementation of a $100 maximum
price has a high risk factor. In order to reduce this risk, our design will take sizing standards of
existing headsets and fork geometries into account for seamless integration, and further reducing
the cost to implement this feature. A cost estimation for the required materials as well as
comparisons to similar products on the market will determine if our design meets this requirement.

7.

An installation time of 15-25 minutes is ideal for our customers as they don’t want to be delayed
by long days at the bike shop or numerous hours trying to read the installation instructions. Timing
users while they install the adjustable headset will determine if our design meets the requirements.

8.

User feedback is critical to the success of this design as a solution that solves a problem on paper,
but does not come back with a satisfied target audience, will not inspire users to patron their
product. To determine if our design reaches about 75% positive feedback, users will be able to ride
the bike before and after the headset is engaged, then acknowledge whether they noticed an
improvement to the bike’s ability to reduce fork flop.

9.

Aesthetic will require nearly 75% satisfaction from users for this design to be a success. To manage
this parameter, our design will focus on seamless integration with existing parts that reduces a
potentially clunky system. We can receive feedback on the aesthetics by creating a survey asking
potential users to rate how appealing this product is and if they would add this component to their
bike solely for looks.

10.

In order to evaluate the fork flop stiffness, it would be necessary to collect real data from a test
bicycle set up. In order to measure fork flop, force sensors in the form of either force sensing
resistors, hydraulic force transducers or strain gages could be used to determine the force acting on
handlebars. This force could be used to determine a target value for fork flop.

11.

For a potential final design involving components that attach internally to a headset and need no
external parts, a target value of a 1.5 in diameter headset is our point of aim. We will achieve this
by using real existing headsets to test our attachments.

12.

For a design that requires additional parts that are external to the headset, we have set a target value
of a bounding box of 57 cubic inches. We will manage this requirement by using the smallest
available components and measure the mass of the design and use this mass to get the volume based
on the material’s density.
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4.0 Concept Design
4.1 Design Process
To get down to our team’s top design concepts, we started our ideation process by doing multiple
ideation sessions using Jamboard. We spent about 15 minutes creating ideas for subfunctions by splitting
our time into 3 minute sections where we started with one idea each. After this first timed ideation section,
we swapped ideas and then had 3 more minutes to add on to the design. An example of this Jamboard
ideation session can be found in Appendix D. From these Jamboard ideas, each team member created
multiple simple models to get a physical representation of the possible subfunction solution. These simple
models can all be seen in Appendix E at the end of this report. After completing these models, our team
members narrowed down these solutions by comparing them to a datum in a Pugh matrix. Each team
member’s Pugh matrix can be seen below in Appendix F, but an example is provided in Figure 4.1.

Figure 4.1: Pugh Matrix for the Subfunction of Returning the Wheel to Center.
Following the use of these Pugh matrices, we took the best ideas from each matrix and came up
with designs that incorporated a solution from each subfunction in order to create an overall design. Each
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of these subfunctions, as seen below in Figure 4.2, were combined in the morphological matrix to develop
the concepts solutions included in the weighted decision matrix. After creating these combination designs,
we created a weighted decision matrix with the proposed solutions to focus in on a single design direction.
After carefully weighing the various solutions and their scores on specifications, we arrived at a single
design direction.

Figure 4.2 Function tree for Addressing Fork Flop.
When developing solutions to each subfunction, the best ideas from each were combined to create
a concept solution. Four final concept solutions were created and will be briefly discussed. Idea 1,
highlighted in Figure 4.3a, relies on a torsion spring that is attached to the bike frame to provide the
corrective forces. This design has an on/off switch and adds additional play in the headset before the steering
engages. Idea 2 of Figure 4.3b, aims to solve fork flop with a dual internal torsion spring system where the
coils wrap around the fork. To allow for corrective forces, one torsion spring is secured to the frame while
the other is attached to the fork. Presented in Figure 4.3c, Idea 3’s external design uses leaf springs to create
a corrective force. Adjustable spring force is achieved by changing the distance between the fork-mounted
rods. Idea 4, found in Figure 4.3d, is designed to use opposing torsion springs that are mounted between
the headset and upper headtube. A dial located at the top of the housing allows for user adjustability,
including an on/off switch.

15

(b)

(a)

(c)
(d)
Figure 4.3 Concept Solutions from Decision Matrix: Idea 1 (a), Idea 2 (b), Idea 3 (c), Idea 4 (d).

4.2 Weighted Decision Matrix
Our final weighted decision matrix, included in Appendix H, highlights our top four concept ideas.
Each engineering specification came from our house of quality, as well as the weights assigned to them.
Some of the weights were adjusted to provide more accurate results or consider specifications that
overlapped with different ideas, with the final weights adding up to 100. Each idea was then ranked on a
scale of 1 to 10 based on how it would perform in the desired specification. Each idea would then receive
a total score out of 10.
The solution that scored the highest was Idea 4. This design included an on/off switch and multiple
levels of stiffness, leading to a fully adjustable design. It was able to accomplish this with a very low
installation and adjustment time, along with high heat and weather resistance due to its enclosed design.
The next concept with the highest score was Idea 3 and it had a much different approach than that
of Idea 4. It was not the highest scoring, however, because the design was very exposed and did not offer
full adjustability due to having no on/off switch. Idea 2 also scored well but lost major points due to its
complexity, which led to the lowest possible installation score as it would require a significant amount of
the bike to be disassembled to be installed.
Idea 4 was the concept that we chose because it scored the highest overall and was able to satisfy
most of the specifications very well. However, it was decided by the group that the linear damper would be
removed from the design because damping the steering was outside of our purpose of this project, and it is
not needed to correct fork flop.
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4.3 Final Concept Design
After our final design was selected it was modeled in SolidWorks with the first configuration shown
in Figure 4.3 below. Starting from the bottom is the bottom bracket. This includes the two shown pieces
along with 2 4mm hex bolts. These 2 pieces clamp around the head tube of the bike that is part of the frame.
This is what secures the device from rotating.

Figure 4.4 Isometric view of CAD model.

Figure 4.5 Bottom bracket.
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The next part is the support which attaches the bottom bracket to the support piece and top plate.
The current configuration includes one 4 mm bolt attaching it to the bottom bracket. As this could allow
for rotation, the final rendering will include an improvement to better secure the pieces. The top end of the
support includes a slot which allows bikes of different sizes to be accommodated for, and fit precisely. A 4
mm bolt secures the support to the support piece and to the top plate. This attachment could also allow for
unwanted rotation so it will be corrected in further configurations.

Figure 4.6 Support.
The Bottom plate is bolted to the head tube using the bolt that holds the head cap. The bottom plate
is essentially taking the place of this head cap. This is what also houses the 2 torsion springs as they are
held around an extruded cylinder. The springs are fixed to the bottom plate through holes in the walls that
they are inserted into while the other end is free to rotate.

Figure 4.7 Bottom plate.
The top plate is attached to the support piece on one end. This connection is fixed. The other end
is attached to the bottom plate through a bearing. The bearing is pressed in so that the bottom plate can
rotate independently of the top plate. There is a slot cut into the top plate which allows for the pin to move.
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This pin selects the amount of resistance that the device will provide. By moving this pin along the slot,
you are essentially changing the moment arm of where the force is applied, thus, varying the output force.

Figure 4.8 Top plate.

4.4 Preliminary Analysis
Preliminary analyses were completed as a way to determine the target value for fork flop. This is
an important step as it provides approximate solutions to important dimensions that will inform design
dimensions later on. The image below contains dimensions that were used in conjunction with the following
equation which defines fork flop (Patterson, 1):
𝑘𝑓𝑓 = 𝑇

𝑚𝑔 𝐵
cos(𝛽)
𝑅ℎ 𝐴

Equation 1.

Figure 4.9 Reference of the basic dimensions of a bicycle used for preliminary calculations.
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This equation is used to determine the fork flop on a bicycle which is in units of force per radian.
Because the proposed design relies on purchased parts such as springs, the calculations were completed
using a spreadsheet that could reliably evaluate the fork flop stiffness of given geometries. This allows for
different geometries to be entered and compared to one another.
Using stock parts, the springs that fit inside of the assembly are not sold with units that exactly fit
the units on a fork flop calculation as they usually just show the torque. However, this can easily be
converted into the appropriate units to achieve a value that is in force per radian by simply dividing the
given value by 360º (2π radians). Equation 2 below represents how this value will be determined.
𝑘=

𝑑4 𝐸
1
∙
10.8𝐷𝑁𝑎 360

Equation 2.

In this equation d represents the diameter of the wire, E is the elastic modulus, D is the mean coil
diameter, and Na is the number of active coils in the spring (Budynas, 545). Most of these values can be
taken directly from a spring manufacturer while other values such as the number of active coils, Na, must
be evaluated based on several other factors such as the leg lengths of the spring, the number of complete
coils and the angle of the legs. This equation is presented in a spreadsheet in Appendix I.
Based on some conventional values for fork flop, it is expected that the value of fork flop that our
assembly will attempt to correct is anywhere within 50 to 200 N/rad (Patterson, 24). This value is subject
to some variance however due to the varying geometry of bicycle frames. A true value of fork flop will be
determined from the bicycle our testing is performed on which has yet to be selected.

4.5 Design Hazards
Assessing the potential hazards of our proposed design is a critical step for ensuring safe
manufacturing, testing, and consumer use. A Design Hazard Checklist, as found in Appendix G, was
developed to identify any potential hazard and propose a way to mitigate or eliminate them in our design
and testing. As the proposed design has a minimal number of moving parts that are enclosed in the headset
housing, general safety hazards to users is very low. One of the main hazards to address in our chosen
design direction would be exposure to harsh environmental conditions.
Mountain bikers, commuters, and road cyclists all encounter adverse weather alike. Previously
mentioned in Table 3.1, our proposed design’s ability to maintain the majority of its function when exposed
to such environmental conditions will be addressed and tested as one of our Engineering Specifications. To
mitigate the potential hazards of frequent environmental exposure, our proposed design uses weather
resistant materials, and a user interface that covers the internal components.
As our final product would be fastened on the rider-side of the frame, it poses an additional obstacle
to avoid when crashing or making rapid movements. Sharp edges and metal pieces rigidly mounted to the
frame could lead to unnecessary injury and risk that is only brought forth by this external design. For riders
who have only recently attached this headset to their bike, or are not used to having an extra component on
their frame, could be especially prone to hurting themselves on this component.

5.0 Final Design
5.1 Final Design Description
The final design is shown in Figure 5.1 below. It has been modified from the previous version to
attach to the frame of the bike and around the steerer tube, under the stem. This final design shares a similar
spring mechanism with the previous version, while containing fewer parts, taking up less total space, and
being located in a less obtrusive spot to the rider.
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Housing

Spacers

Brackets

Figure 5.1 Isometric view of complete assembly.
The first sub assembly is the clamp. This consists of a front and rear clamp, two #8-32 socket cap
screws, and a rubber gasket. These parts secure the assemble to the head tube portion of a bike frame. The
gasket is fitted around the head tube while the two clamps are bolted together.

Gasket
Rear Clamp
Front Clamp

Figure 5.2 Image of front and rear clamp.

2X #8-32
socket cap

Next is the housing assembly which consists of the housing, two #8-32 socket cap screws, four #440 socket cap screws, lead screw, modified nut assembly, and lock collar. The housing bolts to the back
clamp using the two #8-32 bolts to secure them together. The rear cover is bolted to the housing using the
#4-40 bolts. The modified nut assembly moves when the lead screw is rotated which interacts with the
spring legs and provides adjustability. The lock collar on the outside of the lead screw locates it and provides
as a knob for the user to interact with.
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4X #4-40 socket cap
screw

Housing

Rear Cover
Rear Cover
Lock Collar
Rear Cover
Modified nut assembly

Lead screw

Figure 5.3 Main housing assembly front and rear view.

2X #8-32 socket cap
screw

The spacer assembly consists of a top and bottom spacer, two springs, and a #1-64 socket cap
screw. The bottom spacer sits on the headset of the bike, around the steerer tube. The first spring sits in this
spacer with one leg through the back slot, the other out the front. The top spacer sits on top on the bottom
spacer, below the stem. The second spring sits inside this spacer the same way as the bottom spacer. The
bolt secures and locates the two spacers together.

2X #8-32 socket cap
screw

Top Spacer

Spring
Bottom
Spacer

Figure 5.4 Spacer assembly.
Our design counteracts the forces experienced from fork flop using torsional springs. The springs
chosen have been calculated to provide the necessary force needed to counteract these forces. Our design
fixes one end to the frame of the bike, and the other to the fork. Thus, when the fork is rotated, it is
compressing the spring and providing resistive force.
Two springs are used in the design so each one can be individually compressed depending on which
direction the fork is rotating. This is because torsion springs only work in compression and not in tension.
Since the springs are located around the steerer tube, they can only rotate about that axis. One end of the
spring leg is located by the slot on the spacer. Under compression, this spring leg becomes fixed to the
spacer through the edge of the slot in the back. The other spring leg is in contact with the pin in the housing,
which creates another fixed condition. The spring then compresses in the direction the bike is turned,
providing resistive force. The spring not being compressed is still fixed to pin in the housing on one leg,
but the other leg is free to move along the slot in the back of the spacer. This causes this spring to not be
compressed since it moves freely.
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For achieving a different level of resistive force, the lead screw can be rotated which changes the
location of the modified nut assembly which is interacting with the springs. This is essentially changing the
length of the moment arm where the force is applied at. Our design contains infinite adjustment settings
along the full travel of the lead screw. The closest setting to the front of the bike providing the greatest
resistance force, and the furthest setting from the front of the bike providing the least amount of resistive
force.

5.2 Structural Prototype
Our Structural Prototype was constructed through 3D printing. It included all the parts that were to
be custom machined in aluminum and was based off a previous design that could be easily printed from
plastic. In total, 6 parts were printed including the top and bottom spacer, front and rear clamp, housing,
and pin. The goal of this prototype was to gain insight to the fitment of this prototype on a bike, as well as
to get some visual feedback. The parts were then bolted together and assembled on our test bike, as shown
in the Figure 5.5 and Figure 5.6 below.

Figure 5.5 Full assembly assembled on bike

Figure 5.6 Spacers with springs
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It is important to note that the prototype did not have full functionality, so the rotating mechanism
and springs were not tested. It also did not include the gasket or the springs in the total assembly. This
prototype was a success as every part fit on the bike as planned. This was immensely helpful in finalizing
the dimensions of the parts that directly interact with the bike. The prototype also gave us a better sense of
total size and we were pleased with the visual results. They confirmed that the whole assembly is an
acceptable size and not an inconvenience for the rider of the bike.
Next, in order to validate the final design before fabricating a high-resolution prototype, numerous
calculations using stiffness theory as well as theory developed in reference material were used to validate
the design. Much of the existing literature and knowledge around the phenomenon of fork flop contains a
lot of hand wavy derivations in which terms are dropped when arriving at mathematical conclusions. For
this reason, calculations performed using these derivations may not provide accurate estimations of loading
conditions.
As can be seen in Figure 4.9 the location of the center of gravity of the rider is a horizontal distance
‘B’ from the rear axle and vertical distance ‘h’ from the ground. However, since the center of gravity of the
rider is always changing during riding, the values of ‘B’ and ‘h’ are constantly changing. In order to get
around this, a simple set up could be made in which a weight that is reasonably close to the weight of a
rider is fastened to the bicycle saddle such that it has a constant value of ‘B’ and ‘h’.
5.3 Design Justification and Material Selection
When it comes to the geometry of the parts and their ability to carry load, predictions about their
performance are much easier when using verified numerical techniques such as finite element analysis.
FEA was used to determine the strength of the spacers and pin since of these components carry loads.
Additionally, bolt calculations were also performed to ensure that the stresses of the bolts would not exceed
their material ratings. Since aluminum was the primary choice of material, the results from FEA help to
verify this choice of material as well as the dimensions of the load bearing components.

Figure 5.7 Results of FEA used to determine stresses at critical locations on spacer
As can be seen in the figure above, the two locations noted represent critical locations on the top
spacer where stress concentrations could occur. The stresses at the corner of the slot as well as the bolt hole
were both analyzed under different load conditions. Factoring the torque on the bolt that fits the headset
assembly together as well as additional weight from the rider on the handlebars that could translate to the
spacers, conservative estimates were made for loading conditions. The analysis was performed by assuming
both a concentrated load at various nodes on the top of the spacer as well as a distributed pressure load with
the weights converted to pressure on the surface area. These are shown in the figure below
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(a) Pressure Load
(b) Concentrated Load
Figure 5.8 Loading conditions using a pressure load (a) as well as concentrated force load (b).
The table below shows the maximum principal stresses recorded by probing the corner and hole
locations on the top spacer. Loads of 50, 100 and 150 lbf were used as conservative estimates for what the
loading on the spacer surface would be. Additionally, torque calculations were performed to determine the
amount of axial force that translates from the bolt onto the spacers. A torque of 3 N-m was determined to
have an axial load of approximately 440 lbf. Since it is difficult to apply a concentrated load evenly along
a surface without knowing it’s approximate distribution, pressure loads were calculated using the surface
area of the top of the spacer.
Table 5.1 Stresses at critical locations on the spacer under vertical loading.
Load
lbf

Pressure
psi

Corner Stress
psi

Hole Stress
psi

Corner FOS
-

Hole FOS
-

50
100

32.5
65

2,130
4,261

511
1,072

16.43
8.21

68.49
32.65

150
440

97.5
288.33

6,392
17,000

1,533
3,756

5.48
2.06

22.83
9.32

The results above show some issues with the concentrated load calculations. Assuming a yield
strength from the supplier is correct, none of the aforementioned locations on the top spacer are expected
to yield. Next, the spring force on the rear corner of the slot was also tested to ensure that it would not yield
the part. These results are shown in the figure below and appear to also be very far below the expected yield
strength of the stock aluminum.

(a) Rear Corner load
(b) Front Corner load
Figure 5.9 Loading conditions from the spring force (a) as well as compressive force (b).
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The top spacer is used as the primary form of justification for material selection because it is
subject to the most extreme loading conditions of all the custom components. As can be seen from the
analysis above, 6061 Aluminum appears to be the best choice for material because of its naturally high
strength to weight ratio. Not only does the top spacer not yield but it also appears to not have a bending
moment generated for the protruding cover above the spring gap. Since this part is customized, there are
no existing stock materials that achieve the required diameter that would be as easy to work with as this
type of aluminum. In addition to turning operations on a lathe, manual milling will be the primary
operation of fabrication for this part. Aluminum is a material that all team members have familiarity with
and the machine shops have readily available cutting tools for this material which makes it the ideal
choice to save cost on having to purchase additional cutting tools.
While our design has always centered around the idea of an internal spring applying a resistive
force to the force experienced due to fork flop, a spring is only a linear type of solution. Based on initial
research and an equation developed in a document by some of Cal Poly’s own professors, the force of fork
flop has always been considered as linear. To justify our design, this assumption must be considered more
closely to determine whether the force experienced from fork flop is truly linear or if it has non-linear
qualities. To determine this, we examined the derivation of the fork flop equation from Cal Poly’s document
and redid the derivation without the small angle approximation to get a more accurate representation of the
fork flop for a bicycle with a larger roll angle and steering angle.
To start, we used the same orientation and variables for the bike as depicted in Figure 4.9. The
transformation matrix for the bicycle for the local axis of the front wheel through the contact patch is given
in Appendix M. For analysis of the bicycle without small angle approximations this matrix is still the same,
so it is utilized in the new derivation. As seen in Appendix M, the equation for the vertical force on the
front wheel of the bicycle is also not dependent on a small angle approximation so this same equation will
be used for the new derivation. The equation for the moment arm in Appendix M involves many of the
angles of the bicycle geometry that are depicted in Figure 4.9. The equation was simplified in the original
derivation due to small angle approximations but for the new derivation, no angles will be approximated.
The full derivation is attached in Appendix M.

Figure 5.10 Hand derivation of fork flop equation without small angle approximation.
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Following the derivation of this new fork flop equation, it is not immediately evident whether this
is a linear response. However, looking at the variables, there are only a few variables that are dependent on
the movement of the handlebars by the rider. For example, the variable β is a function of the bicycle’s
geometry and is constant, therefore making every term in the new fork flop equation with β a constant. The
only two variables that change based on a rider’s movement are θ and 𝛿. These two angles are the roll angle
and the steering rotation, respectively. Due to these two variables being part of a cosine and sine function,
this technically makes the fork flop equation non-linear. However, in the realm of a bicycle’s steering angle
and roll angle, it can be assumed that these angles are not able to exceed ninety degrees. So, assuming a
range from zero to ninety degrees for these variables, the function of cosine or sine can be approximated as
a straight line. This sort of assumption brings us back to the originally derived fork flop equation. Using
this original equation agrees with our design to use a torsion spring as a response.
Continuing with the assumption that the fork flop of a bicycle is an approximated linear system,
the torsion springs utilized in our design must meet the fork flop spring constant calculated from Equation
1. For a typical safety bike, the fork flop spring constant value is 50 N/rad. For a typical mountain bike this
value is much higher at 125 N/rad. For our goal of reducing the effects of fork flop on bicycles with slack
head angles such as mountain bikes, our torsion spring design must have a spring constant value of at least
75 N/rad to place the value of fork flop closer to that of a safety bike. Based on this value and an assumed
range of motion of ninety degrees, we found a torsion spring from an online vendor that has a max torque
of about 19 lb-in. Using this maximum torque value, we conducted a statics analysis of the torsion spring
as a lever arm with a perpendicular force at an unknown length. Using these described values, we solved
the statics equations for the length of the lever arm required to produce the correct spring rate for our design.
Utilizing Excel, we were able to create a spreadsheet that allowed for multiple tests of spring values to be
tested for us to land the correct value. The lever arm value we calculated was 0.74 from the spring edge
which fits with our design. The excel calculation with a second spring choice can be seen below in Figure
5.11 and also in Appendix K.

(a) First spring analysis

(b) Second spring analysis

Figure 5.11 Excel sheet calculations for spring forces.
Since the springs will have many deflections over the life of this part, fatigue must be considered.
The calculations are attached in Appendix N. It was assumed that under normal riding conditions the
maximum force that would be experienced would be 60% of the maximum rated force. The maximum is a
worst-case scenario of a 90-degree rotation and the max moment being applied on the spring. The minimum
force was zero since it is possible to ride without turning the handlebars for example, in a perfectly straight
line. This gave us an average moment applied on the spring of approximately 6 lb-in.
Applying the dimensions of the spring and a life cycle of 105 cycles, we achieved a factor of safety
of 1.13. This result was determined to be acceptable. It is important to note that these stresses are distributed
between two springs so the life can be essentially doubled assuming that the number of rotations are
approximately an equal amount in either direction.
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5.4 Cost Analysis Summary and Maintenance Considerations
After finalizing the design, we compiled all the components and reported them in the table below
which came out to a total cost of about $292, seen in Table 5.2. The most expensive part of the assembly
were the springs due to a size error on the first pair of springs requiring a second purchase of two springs.
The next most expensive part of the assembly were the spacers. The spacers were difficult to manufacture
and as such, we purchased a large amount of round stock to allow for multiple attempts in case of mistakes.
The top and bottom spacers were both manufactured from this same piece of stock. Similarly, the stock
purchased for the main housing was also used to create the back plate, the front clamp, and the rear clamp.
It was also ideal to use single stock blanks to generate these parts as it allowed for cheaper shipping.
All the bolts were selected at standard sizes to ensure easy connectivity. In addition, the bolts were
selected at certain sizes to ensure that they would be easy to tap holes during manufacturing. A more
detailed summary of the costs is provided in the indented Bill of Materials, found in Appendix O.
Table 5.2 Summary of costs for assembly.

Component Name
Main Housing
Back Plate
Bolts for Housing
Lead Screw
Assembly
Top Spacer
Bottom Spacer
Springs
Bolts for Spacers
Front Clamp
Rear Clamp
Gaskets for Clamps
Bolts for Clamps

Cost
$52.79
$6.48
$22.17
$61.08
$110.08
$3.12
$33.74
$3.12

Satisfying the user’s needs while ensuring their safety is at the center of our design process.
Although there already are associated risks with mountain biking, we have tuned our design to mitigate the
user’s ability to harm themselves through the use of our product. To assess the possible risks to safety our
design poses, we developed a Design Hazards Checklist (Appendix G) and a Failure Modes and Effect
Analysis (Appendix J). This analysis essentially investigates the ways in which the design could fail and
considers how the failures could impact the user. Some failures could lead to significant harm to the user
or their personal equipment, while others would not have as great of an impact. From these results, we were
able to determine the varying levels of potential design failures and break down which of these is the most
critical to the design. Along with the failure of the pin and spring mechanism, failure of the spacer structure
posed heightened risk to user safety. The spacers being crushed under the compressive load of the stem cap
and bolt could lead to complete failure of steering, further endangering our user. To address this potential
failure and confirm the safety of our design, we conducted preliminary FEA, as previously described.
Designing for safety out of the box is the first of many considerations we can develop to facilitate rider
safety.
Proper maintenance also plays a critical role is user safety and life of the design. The potential
hazards a rider may encounter on the trails can lead to poor performance and shortened total life of the
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assembly. To mitigate the risk of failure, proper maintenance is not just encouraged, but required. The
device is used in an outdoor setting which will ultimately lead to issues with the internal mechanism.
Because there are cavities such as the areas where the legs fit in an out on the design, it is important that
these areas be free of as much debris as possible since the clearance between the spring stack and the inner
wall of the spacer is minimal. Although we designed our housing and spacers to be as shielded as possible,
dirt will likely settle in our parts. Users should frequently ensure that all moving parts are free of debris by
blowing any particles out of the housing and spacers. To avoid dirt and dust build up, riders should wet
down and dry all components of the product in addition to regularly washing their bike. Taking these steps
to maintain the assembly will increase the desired life span of the product while providing a better riding
experience for the user.
Because there are not any contacting surfaces that would require lubricants or oils, the most
important part of operating performance is most likely removing debris from the housing and internal walls
of the spacers, which may require that the user to remove the device. The user instructions will detail how
to put the device on which consists mostly of removing fasteners for the clamps as well as the bike stem.
The most complicated part of disassembling the housing would be maintaining alignment with the housing
cavity upon reassembly. However, for quick maintenance, the user could simply use a can of aerosolized
air to quickly remove loose dirt and dust. For more significant debris, full disassembly is recommended.
In terms of the remaining issues and concerns for the design, our team received feedback during
our CDR presentation that the clamping force from the bolt in the steerer tube would not be enough
compressive force to maintain contact between the spacers. The concern was that there could be slipping
between the steerer tube and the spacers themselves which would essentially make our design nonfunctional. Our main approach to this issue is to use set screws that are inserted perpendicular to the walls
of the housing that clamp onto the steerer tube. These screws would be located above or below the area on
the walls of the spacer that house the springs. If fastened down tightly enough, they should provide enough
clamping force to grip the steerer tube and ensure no slipping between the spacers and the steerer tube. In
addition, there were concerns about how difficult it would be for the user to adjust the pin with the spring
legs in contact with the pin. While this is a valid concern, our assumption is that while the user would have
to push against the spring legs, once the threads of the pin contact the corresponding hole, this should ideally
make it easier to screw in since it has more of a hold. Lastly, the linearity of the fork flop phenomenon was
investigated as well, and it was determined that the fork flop is non-linear. While this does provide an
interesting result to the analysis of bicycle physics, our team believes that non-linearity would only occur
at larger angles of rotation of the handlebars. Since larger angles of rotation on the handlebars do not occur
often during travel, this result can be considered inconsequential to most riding scenarios and therefore did
not influence our design significantly moving forward.

6.0 Manufacturing
6.1 Procurement of Materials and Components (already been updated)
To create our final prototype, we purchased aluminum stock, torsion springs, some various bolts,
and a sheet of rubber. The aluminum stock we purchased came from McMaster-Carr’s online website in
two different types. The first type of aluminum stock purchased is a 2”x2”x2’ square stock piece. The
second type of aluminum stock we purchased is a 2” diameter round stock that is 1’ long. These two pieces
were ordered together from McMaster-Carr’s website to save on shipping and handling. A purchase request
was created for these two pieces to use our allotted funds to buy the stock. To buy the torsion springs from
Lee Springs’ online website, we created another purchase order to be approved. To assemble the prototype,
there are 10 bolts that need to be purchased. Six of the bolts required are #8-32 with 0.5” of length. These
four bolts were locally available at Miner’s Ace Hardware in San Luis Obispo and were purchased by a
team member using personal funds. This assembly also required four #4-40 bolts that are used to secure the
cover plate to the housing to avoid debris getting in with the lead screw. This purchase will be added to the
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purchase request for the aluminum pieces to save on shipping and handling. The last part required to
assemble the final prototype is a sheet of rubber that can be cut so that the rubber fits between the bicycle
headtube and the front and rear clamps. This component can be purchased locally and cut to the height of
the two spacers combined.
In addition, the final budget for the entire project was specified to be $700. With all of the part
procurement and purchasing, the final assembly cost a total $292.58. A more detailed breakdown of the
cost can be found in Appendix O. Despite estimating the cost of all materials needed to complete machining
and the assembly, we incurred unforeseen costs during the build process. These costs mainly came from
on-the-fly design decisions where the manufacturing determined if specifications like using the #1-64 bolts
were possible.

6.2 Manufacturing Steps
After receiving all necessary materials and components, we manufactured all our parts by hand
using the available Cal Poly machine shops. We utilized manual lathes, mills, and drill presses to create our
parts. The steps below layout the procedures we took to machine our final assembly.

6.3 Top and Bottom Spacers (121000 & 122000)
The process for machining our top and bottom spacer was a duplicate process as they are both
identical pieces. Starting with the 2” diameter rod stock, we cut down each piece to 0.65” in length. Using
a manual lathe the diameter was turned down to 1.8”, as seen in Figure 6.1 below. A 1-1/8” thru hole was
then drilled. To create a lip on the top of the piece that is 0.15” tall, material was removed from the side
of the cylinder creating a diameter of 1.4”.

Figure 6.1 Spacers following the manual lathe procedures.
With the conclusion of the manual lathe procedures, both spacers were brought over to the manual
mill and set in the rotary chuck. A lathe could not be used any further to get the large diameter top of the
spacers down to size because the lathe’s vise could not grip enough material on the lower spacer to continue
with safe operation. Using a rotary chuck, we took down the diameter to 1.5” using an endmill with passes
of 0.05. This process was tedious due to the rotary chuck’s gearing system and completing 360 degrees
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worth of sweep. The profile of the spacers was made in a similar process, as seen in Figure 6.2 below. The
milling tool would be stationary and we would turn the rotatory chuck the number of degrees for the sweep.
The rotary chuck was then flipped 90 degrees onto its side so the we could begin machining the
slot in the side of the spacers. We recentered and zeroed our piece, making sure the spacers were level in
the vise using parallels. The spacer was then rotated 8 degrees off center where we began to bring down the
5/32” endmill. That 8 degrees was our new start point for this procedure and we began to rotate clockwise,
taking passes of 0.05” and rotating 67 degrees more. After a number of passes, we had our slot where the
springs would slide into. The last two procedures included tapping the #8-32 holes in each spacer, and
machining the split on the front side of the space to allow for compression. This slit was created using a
1/8” endmill in a normal vise, taking passes of 0.05” in the z-axis and completing the spacer assembly seen
in Figure 6.3.

Figure 6.2 Top spacer set in rotary chuck, changing the degrees of the vise instead of moving the
milling tool.
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Figure 6.3 Both spacers stacked with torsion springs inside

6.4 Housing Assembly (110000)
To complete the housing assembly, the housing’s profile was first cut out of the stock by the
waterjet. Cal Poly’s shop technicians performed these waterjet procedures while our team was machining
the spacers. As seen in Figure 6.4 below, the profile of our housing and clamps were cut from stock using
the waterjet.

Figure 6.4 Water jet pieces cut from bar stock.
Housing (111000)
To begin machining our housing, the profile was cut down to a length of 1.8” using a vertical band
saw. Moving over to the mill, an endmill was used to machine the rectangular profile to 1.75” x 1.5”. Using
a ½” endmill again, a 1.4” x 0.5” rectangular profile was machined to a depth of 1.3” to create the interior
cavity for the springs to go into. An additional 0.5” x 0.5” centered cavity was added to the existing cavity
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to provide space for the lead screw to run through. This step in the manufacturing process is highlighted in
Figure 6.5 below, where material is being removed from the cavity.

Figure 6.5 Machining the cavity for the torsion springs and lead screw.
The housing was then flipped to its face and secured in the vise to begin drilling and tapping holes on
the backside. Two #8-32 x ½” through holes were drilled in the angled surface while the part laid face
down. Counterbores were added to the through holes so the #8-32 bolts sit flush with the angled surface
when fully engaged with the rear clamp.

Figure 6.6 Housing assembly with lead screw bolted to rear clamp.

33

Tab, Lead Screw and Modified Nut (113000, 114000, 112000)
With our design being updated, the pin changed from being 1 part to an assembly containing a lead
screw, 3 lock collars, a modified square nut, and finally a tab piece used to interact with the spring legs. The
8mm lead screw was inserted into the housing. Next, the lock collars were attached to the lead screw to fix
it in place. The square nut then had to be modified. The lower tab was machined off on a mill, making 0.03”
passes until the material was gone. The bottom profile was then hand filed to round. Next, the length of the
nut was machined down by removing material from the long end. This was done on a mill by making 0.03”
passes until the long end matched the length of the short end of the nut. The nut was then threaded onto the
lead screw inside of the housing.
The last part was the tab. This was created using a small stock of material and machined to match
the shape of the nut and to act as an extension to it. Each dimension was machined on a mill by using 0.03”
facing passes. A step was milled out where this piece would interact with the tab. Finally, a #4-40 hole was
drilled and tapped into the lower part of the tab. A #4-40 bolt was used to attach this piece to the square
nut.

Figure 6.7 Assembly showing lead screw, lock collar, square nut, and tab.
Back Plate (118000)
The back plate locates the rear end of the lead screw as is removable to allow for installation and
removal of the square nut and pin. It also provides protection from dirt and debris getting into the lead
screw. This thin member was machined down to 0.2” thick with a 1.75” width and 1.35” height using a ½”
endmill. The thickness of this piece was designed to be thinner but the height of the parallels compared to
the vise determined the minimum thickness achievable on the manual mill. With the back plate lined up on
the back side of the housing, four holes for the #4-32 bolts were drilled and counterbored. The final
operation on this piece was to drill the 8 mm clearance hole for the lead screw. As seen in Figure 6.8, the
back plate provides complete cover for the housing’s rear opening.
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Figure 6.8 Assembled back plate secured to housing and providing contact point for lead screw.

6.5 Clamp Assembly (130000)
Front Clamp (131000)
To begin our operations for the front clamp, we took the semi-circular profile from our CAD design
and had the waterjet cut out this profile from our square aluminum stock. After having this profile cut out
from the waterjet, we took the thick piece and placed it on a manual mill to cut it down to the correct
thickness. We used a large endmill and removed material until the clamp was at the desired thickness of
0.4”. The next step we needed to complete the front clamp was to add two holes on either end of the clamp
that would allow a #8-32 bolt pass through into the receiving end of the rear clamp. This was a difficult and
precise process as the clamp was thin and this caused the quill of the mill to come very close to the vise
walls when trying to drill the holes in this clamp. With the help of a shop technician, we were able to place
the clamp carefully in the vise and use a drill bit to create a clearance hole and then add a precisely sized
counter bore for the head of the bolt. The front clamp can be seen in its various stages in Figures 6.4, 6.9,
6.10 and 6.11.

Figure 6.9. Front and rear clamps connected to each other and housing
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Rear Clamp (132000)
Like the front clamp, we began our operations on the rear clamp by having the waterjet cut out the
profile of the clamp from our square aluminum stock. With the clamp profile cut out, we took the clamp to
the mill and used an endmill to cut down the thickness of the clamp so that it was equal to that of the front
clamp at 0.4”. Once we had the rear clamp at the correct thickness, we followed a similar process to that of
the front clamp and placed it carefully in the vise with just enough clearance from the walls so that we could
drill through the two ends of the clamp for the receiving holes that accept the bolts from the front clamp.
We sized these holes slightly smaller according to a tap drill sizing chart so that we could add threads to
these receiving holes. After drilling these two holes, we had to add two additional holes on the back on the
rear clamp so that we could attach the clamp to the housing. These two holes were also to receive bolts
from the housing of the same dimensions from the front clamp, so we used the same drill bit to cut them
out. Lastly, with the rear clamp sized correctly and the four holes added, we removed the clamp from the
mill and used a manual tap and die set to add the correct threads to the holes. We then test fit #8-32 bolts
into the holes and confirmed that the tapping process had worked. The rear clamp can be seen in its various
stages in Figures 6.4, 6.6, 6.8, 6.9, 6.10 and 6.11.

6.6 Assembly Process
Following the completion of our final prototype, we have multiple parts that require an assembly
process to ensure that the prototype interacts with the bike correctly. The following steps describe the
assembly process including the purchased parts that were not manufactured.
With all of the components completed, the final part of the build involved putting the completed
assembly together and bolting everything down. In order to attach the spacers/springs to the bike, first the
preload bolt and cap were removed along with the stem. Since the full build contains spacers with a stack
height of roughly 2 inches, all existing spacers were removed from the bicycle as well. The spacers were
slipped onto the steering column but not fastened down completely because they would later have to be
aligned precisely with the slot in the housing.
Next, the front and rear clamps were positioned near the headtube where there exists a small lip of
material that protrudes out past the top of the top tube. Since the clamps were designed to be fastened down
at this diameter they were then tightened down using #8-32 bolts such that they connect around the exposed
head tube of the bike. They were not tightened down all the way thought in order to avoid complications
that could arise with alignment later on.
In order to get the springs positioned inside of the spacers, they had to be cut and bent slightly to fit
inside of the cavity. This process was quite difficult to do because the springs were incredibly difficult to
cut and bend. With the spacers at the bottom of the head tube, the spring legs were aligned such that they
protruded out of the spacers inside of the housing. Using two #8-32 bolts, the clamps on the spacers were
fastened down the housing to the rear clamp.
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Figure 6.10 Clamped and housing assembly (no bike).
Since the springs were inside of the of the spacers, the legs of the springs that protrude out of the spacers
were inserted into the cavity in the housing and everything was fastened down. One issue we ran into was
getting the alignment right to make sure that the spring legs were contacting the pin inside of the housing
properly. This step proved to not only be challenging but also brought about some difficulty in securing the
entire assembly together.

Figure 6.11 Completed assembly with final machining completed (no bike).
6.7 Outsourcing
After consulting with shop technicians from Cal Poly’s machine shops, we were confident that we
can create any manufactured parts by hand without need for any outsourcing. Although an easier approach,
we did not have to utilize the CNC machines available at Cal Poly to speed up the manufacturing of our
parts. Additionally, no parts were sourced out to fee for service or outside Cal Poly machine shop
machining.

6.8 Manufacturing Challenges
While manufacturing our final design, we ran into a few challenges that prompted design changes.
Machining the spacers’ slots using the rotary chuck became a challenge when rotating the piece to get the
desired angular sweep. With the spacer set vertically in the rotary chuck, the mill’s quill would run into the
vise when rotating counterclockwise from our 8 degree offset starting point. This was discovered before
turning on or milling into the piece so it was not a safety concern. To solve this space/access problem, we
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were able to flip the jaws on the rotary chuck and grab less material in the chuck to create for space for the
endmill to come down before touching the jaws while rotating.
Another design challenge we ran into came when drilling and tapping the #1-64 holes. The bit used
to the drill this size hole is very small and delicate, resulting in two broken bits while machining.
Additionally, Cal Poly’s Machine Shop did not have this small of a tap so we had to increase the size of the
tap and the bolts used to secure the back plate to the housing. A #4-40 tap replaced the #1-64, leading to
safer manufacturing and a more secure design as the drill bits did not break while machining.
In order to get interior circular profiles, we chose to run our stock through the waterjet instead of
CNC milling the pieces. This manufacturing direction saved time and money as it was not a fee for service
operation. We were able to get the profiles for the housing and two clamps, but not the spacers cut on the
waterjet. The size of the spacer’s profile was too small for the waterjet’s table so this operation ended up
not being possible. To get the profile necessary, we used the rotary chuck the operations that were not
possible on the lathe.
During the set manufacturing weeks, we ran into some challenges surrounding shop access.
Navigating this build during the COVID-19 pandemic resulted in shortened shop hours and tighter rules for
accessibility. Under these unique circumstances, teams were only able book two hour time slots with two
people going into the shop at a time. Back to back time slots were not permitted for teams. Getting tools
checked out, getting set up on the mill or lathe, and cleaning up within two hours was a challenge for getting
the necessary machining done during the time slot.
6.9 Recommendations for Future Production
For future production of this design, there are updates that can improve the efficiency and quality
of the final assembly. Using the water jet to get the initial profiles was very time efficient and saved a lot
of machining but left a poor surface finish and was not extremely precise. Using a CNC mill for the
manufacturing of the spacers would also lead a better finish and more efficient machining process compared
to the manual milling using the rotary chuck. Having all the parts CNC milled would also be beneficial for
larger productions of this product. Another recommendation that would be implemented in the design and
carry through manufacturing would be to create a housing profile that is more rounded, and not as blocky.
Aesthetics are an important component to design and riders will be less likely to use a product that does not
blend in with the existing bike components. To also help with the timeline of manufacturing, we recommend
ordering the parts as the design is verified so all parts are here before manufacturing begins.

7.0 Design Verification
To perform thorough analysis on the Verified Prototype, a number of tests and inspections will be
performed. This aspect of the design process is an essential step to verifying that the design meets the goals
and specifications collectively set by our team, our sponsor, and our stakeholders. To aid in the planning,
processing, and tracking of our planned testing a Design Verification Plan and Report (DVP&R) was
developed, as seen in Appendix L. Our DVP&R will be a document to list all of the tests that will be
performed and record the results, including recommendations for design changes that will improve
performance. Each of the planned tests, additional analysis, and process of implementation will be discussed
in the following section. The results are shown in Table 7.1 below.
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Table 7.1 Summary table of testing results

Test

Specification

1

Fork Flop Stiffness

2
3
4
5
7
8
9
10

Heat resistance
Weight
Adjustment time
Weather resistance
installation time
User Feedback
Aesthetics
Maximum volume

Criteria
Lower moment than
without device
80% functional range
< 2lbs
< 60s
80% functional range
< 20 mins
> 75% satisfaction
> 75% satisfaction
< 57 in3

Data/Value

Pass/Fail

23.03 lbf-in

Pass

22.29 lbf-in
0.971lbs
4s
20.41 lbf-in
9 min, 58 s
80%
69%
7.8 in3

Pass
Pass
Pass
Pass
Pass
Pass
Fail
Pass

7.1 Fork Flop Test
Experiment Description
The primary purpose of this test was to evaluate the effectiveness of the device when it was installed
on the test bike. To determine the effectiveness, the most realistic approach to this was to evaluate using
comparisons between how the bike steered with and without the device and them compare those results to
a safety bike with a steeper head tube angle. The goal of this test was to measure the moment about the
steering axis. Steering inputs were measured using load cells that were fixed to the handlebars of the bike.
The figure below shows the basic testing set up on the safety bike.

(a)

(b)

Figure 7.1. Testing mount set up for data collection and acquisition.
The data was collected using an Omega OM-DAQ-USB-2401 data acquisition system which was
connected to a laptop. A simple course was established and used in all testing with the rider navigating the
course and a second person holding the DAQ and laptop, following alongside the rider as they complete
the simple course. The course included an incline because this is the type of terrain that often introduces
fork flop. The set up can be seen in the picture below. A total of nine tests were run with three tests run for
the safety bike (shown below), test bike without the device and test bike with the device.
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Figure 7.2. Basic testing set up with rider and DAQ handler carrying the laptop and data acquisition
system
Results and Discussion
The results from testing demonstrate a significant decrease in the moment about the steering axis
when the device is on the test bike and adjusted to provide its maximum amount of steering resistance. In
order to determine what the moments about the steering axis were, the input force from the rider had to be
broken down into the plane of the steering axis coordinate system. The breakdown is shown in the figure
below.

Figure 7.3. Figure showing the force breakdown of steering inputs to the handlebars.
The figure above shows how the force recorded from the load cell was turned into a moment. The
lines denoted X’ and Y’ represent the local coordinate system of the steering axis of the bicycle. The load
cell was angled to a position that the rider felt most comfortable, and this angle was recorded as theta which
represents the angle that the load cell is offset from the steering axis which is denoted as X’. Breaking the
force F shown in red down to its individual components, the sine of the angle theta would theoretically
provide force in the normal plane of the steering axis. Multiplying this value by the radius of the handlebars
(which was assumed to be the distance to the center of the load cell), the product would provide a moment
about the steering axis. The results of the moments generated by the rider steering inputs are shown in the
plot below. It should be noted that this plot represents just one of the three tests that were performed on the
safety bike.
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Figure 7.4. Plotted moment about the steering axis for the safety bike.
With the safety bike data recorded, the next tests were performed using the same procedure
described above and shown in Appendix P. The results from individual tests for the test bike without the
device and with the device are shown in the Figure below.

(a)
(b)
Figure 7.5. Plotted steering moments for the test bike without the device (a) and with the device (b)
It can be observed in these plots that there is quite a lot of variability and noise. However, there is
a stark difference that can be seen in the plot without the device and the plot with the device. The data
shown in Figure 7.5a appears to be more volatile which is an indication that the rider was changing steering
inputs frequently and rapidly. One conclusion that could be drawn from this plotted data in the figure to the
left is that it was inherently unstable, and that the rider was compensating for the instability by providing a
lot of steering inputs. The figure to the right was data taken with the device on and adjusted to the maximum
setting and it can be observed that there is significantly less variability in the data. To make even more
meaningful conclusions, all the test data was averaged for each test with the data being truncated between
the start and end of the ride when there is clearly no user input. These results are shown in the table below.
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Table 7.2. Table showing the averages taken across all three tests in each test set up
Total average
moment
Lbf-in

Max average
moment
Lbf-in

Safety bike

16.26

43.76

Test bike (no device)

37.54

91.28

Test bike (with device)

23.04

71.36

From the table above, it can be observed that the safety bike had the lowest moment about the
steering axis while the test bike without the device had the largest moment. It should be noted that the
results shown above were determined to have an uncertainty of ±1.81 lbf-in and a sample calculation for
this uncertainty is provided in Appendix Q. With the device set to the highest setting, the data in the table
above shows a reduction in the moment significantly. Using the safety bike as a standard for stability,
several important conclusions can be drawn from these results. The lower moment about the steering axis
demonstrates an increase in the stability and handling of the bike which also indicates a decrease in the
amount of fork flop the rider experiences.

7.2 Heat Resistance Test
Experiment Description
This procedure followed the initial fork flop test, described above, with a goal of measuring our
prototype’s ability to perform under extreme conditions. The prototype’s surface was heated up to a
temperature of 150°F using a heat gun, simulating an extremely hot day where the design is exposed to
harsh sunlight. Seen in Figure 7.6 below, the heat was primarily directed towards the springs and cavity as
these are the interfacing surfaces that move. To gather data for the assembly’s performance under these
conditions, we measured the moments about the steering axis for three runs. As this test was conducted
after obtaining results from the test procedure with the device installed under normal conditions, we were
able to compare the performance of this test to a standard result. The detailed procedures for gathering this
data can be found in the Experimental Test Procedures of Appendix P.

Figure 7.6. Heating source directed at springs and housing cavity for heat resistance test.
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Results and Discussion
To determine the moments applied by the rider on the steering axis under high heat conditions, the
moment was plotted over time for load cells on either hand. The same course and experimental procedures
were conducted for this data collection as previously mentioned. From this plot in Figure 7.7, we can
determine that the average moment applied during the ride was 22.29 lbf-in, with a peak at about 73.17 lbfin. These results as very similar to those found under normal weather conditions, which had a total average
moment of 23.04 lbf-in and a max moment of 71.36 lbf-in.
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Figure 7.7. Plotted steering moments for the heat resistance test with device installed.
When determining the averages and max moments, we ignored the initial peak near at the start of
the experiment and the results conducted after about 14 seconds as both of these points occurred when the
rider was starting contact and ending contact with the load cell. Including both of these ranges in the
calculation of average and max moment would skew the results, giving an inaccurate representation of how
the system responds during the ride. As we can see from the plot, there is a lot of noise in the system, due
to the sensitivity of the load cells along with constant inputs to the system during data collection.
The results from this experiment determines that surface temperatures up to 150°F do not result in
poorer performance of assembly. As seen in the plot above, the moments produces by the rider when the
device has an elevated surface temperature are similar magnitude to the moments produces under normal
conditions with the device installed. The max moment and average moment presented also have similar
magnitudes to the results found during the device installed with normal conditions procedure. The data
gathered for this procedure exceeds the requirement for maintaining most of the device’s function under
extreme environmental conditions. Additionally, the results support that this level of surface heat does not
affect the performance of the device.

7.3 Weather Resistance Test
Experiment Description
The goal of this procedure was to assess the performance and safety of the device when exposed to
adverse weather conditions. The focus of this procedure was to measure the moment about the steering axis
while dirt and rocks were wedged in the cavity of the housing where the springs and adjustable tab interface.
As shown in Figure 7.8 below, dirt as packed into the housing and wet down to simulate performance after
a crash or particularly dusty day. Similarly, to the other data collection tests using the load cell, we ran
multiple runs at this condition that produce the results presented in the following results section.
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Figure 7.8. Dirt packed into housing cavity to simulate extreme mud and dust riding conditions.
Results and Discussion
After completing three runs with the mud packed into the housing cavity, we determined the
average moment and max moment again for that the rider put on the steering axis. The total average moment
for all runs and both hands was 20.41 lbf-in and the max moment was 55.33 lbf-in. To understand how the
moment changes over time, moments derived from the load cells were plotted again time for both hands,
seen in Figure _ below. The plot displays a great deal of noise in the system as data was being collected
every 0.01 seconds for close to 20 seconds. The initial spike seen at time 0 seconds can be attributed to the
initial input of the rider placing his hands on the load cell at the start of the data collection. After about 15
seconds, we see the data hover close to zero, as this period of time marks when the rider was stopped and
took his hands off the load cell while the system was still taking data. These two mentioned sections were
again left out of the average and max moment calculations as they would skew the results while riding.
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Figure 7.9. Plotted steering moments for the weather resistance test with the device installed.
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When comparing the results of the mud test to the performance of the device under normal
conditions, this procedure actually performs better. The mud test has both a lower total average moment
and max moment compared to all other procedures with the device installed. Given these results, we can
determine that weather conditions such as water, dust, and mud do not affect the performance of the device
when correcting fork flop.

7.4 Adjustment and Installation Test
Description
To measure adjustment and installation time, users of varied experience levels were asked to install
and adjust the verified prototype. An average install time of less than 20 minutes and an adjustment time of
less than a minute would fall within the acceptable range of this specification. Test subjects, a timer, and
designed parts are the materials needed to perform this test.

Figure 7.10. Installation Test is shown on the left, with the adjustment test on the right.
Results
The following tables show the installation along with the adjustment times.
Table 7.2. Installation and adjustment test data.
Installation Test Recorded Time (mins)
User 1
9:58
User 2
6:16
User 3
5:09

Adjustment Test
User 1
User 2
User 3

Time (s)
2.05
4.08
4.91

User 4

5.02

As confirmed by the results, all users passed the installation test with times much less than 20
minutes. This means the installation was much easier than anticipated. This was the same case for the
adjustment time. The average adjustment time was 4 seconds, which is greatly under the 60 second
requirement. It is important to note that these adjustments were made from the minimum to maximum
setting. Any setting in between this will take even less time to accomplish as there are an infinite number
of setting choices between the minimum and maximum provided spring force.
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7.5 Aesthetics and Feedback Tests
Description
Surveying participants for overall aesthetics and feedback on performance determined a
characteristic satisfaction with our design. Both components of this survey were included to determine
participant satisfaction. A rating scale along with criteria were developed for easy yet informative user
feedback. Participants from the adjustment and installation time completed this feedback following their
initial tests. In addition, a digital survey was conducted asking participants questions about the aesthetics
of our design.
Results and Discussion
Results were obtained from the aesthetics and user feedback tests based off the following tables.
Table 7.3. Aesthetics Test results.
Question
How does the overall aesthetic fit with the bike?
Does the design feel obstructive?
How well does the metal blend with the frame?

% satisfaction
67%
79%
60%

Table 7.4. User Feedback Test results.
Question
How well does the ride compare with a safety bike?
How easy is it to install?
How easy is it to adjust?
How easy is it to steer?
How safe do you feel on this bike?

% satisfaction
81%
44%
100%
100%
75%

From the aesthetic test we get an overall satisfaction rating of 69%. This was not a pass because it
is under the required 75% satisfaction. However, it is not off by much, so it does not raise a huge concern.
The biggest limitations we had for this test were due to our budget, time constraints, available
manufacturing options, and manufacturing skill level. If we did not face these limitations our prototype
would be a much more compact design. This would make it look a lot sleeker and have a nicer finish on it,
which would greatly increase our survey results.
From the user feedback test we get an overall satisfaction rating of 80%. This passed the required
75% satisfaction. This survey scored high due to the effectiveness of the prototype and the ease of
adjustability. Installation scored lower than expected, but that is due to some difficulty in learning how to
assemble the prototype. This was an important test to pass because it gauges the true experience of the user
and the real determination if our prototype was successful.
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7.6 Weight and Volume Tests
Description
Weight of assembled design is an essential specification as desired by our users. To measure if our
design has a final weight of less than two pounds, we assembled all components and weighed them on a
scale. A proper lab station, a calibrated scale, and all designed parts were the materials used to gather this
information. To ensure our design fits within the volume specifications, we planned to measure the final
volume using a water displacement test. However, this test was not completed as it was determined that we
would measure an acceptable volume using SolidWorks, as volume is not as important of a specification as
is the weight.

Results and Discussion
From the weight test, we achieved a weight of 0.97 lbs. This passed as it is well below the
requirement of under 2 lbs. This was crucial since it is important to minimize added weight to a bicycle to
maintain its performance. The measured volume was 7.8 cubic inches which is well under the requirement
of 57 cubic inches. Our final prototype was significantly less than the expected value due to the chosen
design.
Result Summary
Throughout our verification process, we learned valuable lessons concerning testing practices and
data acquisition. The first of our challenges from our testing came from getting acquainted with the DAQ
module we were provided from the school and getting the correct software on a team member’s laptop to
gather data from the load cells. Another challenge came soon after as we had to brainstorm a creative way
to attach the load cells to the handlebars of our test bike so that we could test the forces changing due to
our prototype. One of the biggest problems arose from the way that the load cells and the DAQ are
connected through long electrical wires since we intended to test our device by riding a bicycle. So, we had
to get creative by attaching the DAQ wires to the load cells on the test bike’s handlebars and then setting
the excess wires in a team member’s backpack as they ran side by side with the team member riding the
bicycle along our test course. Overall, the process of testing our prototype taught us to adapt spontaneously
to the unpredictable issues that arose from testing equipment and taught us to always be prepared to get
creative and unorthodox with our testing methods.

7.7 Future Testing Plans
As far as future testing plans go, there are several directions that could be taken to improve
validation of this project. The methods used for data acquisition, while adequate, could have involved some
smaller data acquisition devices such as accelerometers. The load cells provided a significant amount of
insight into the performance of the device, but it would be beneficial to have something less cumbersome
that would still be able to detect steering inputs. Accelerometers would provide an adequate way to measure
the loads in the handlebars and are small enough to not affect how the rider provides steering inputs to the
device.
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8.0 Project Management
Following CDR, we confirmed our design, implemented new design changes, and gathered data to
support our headset design. The weeks following CDR included machining and testing our Verified
Prototype. Before we bean machining, we finalized all purchases of the stock components described in the
manufacturing plan above. We also secured the relevant test equipment, such as the DAQ and pressure
sensors, to be able to measure the fork flop and performance of our assembly.
In order to verify our design, complete testing procedures were followed. The true value of fork
flop is dependent on the location of the center of gravity of the rider and bicycle which presents a significant
problem; the location of the center of gravity is constantly changing during the rider’s use. To mitigate this
problem we used a single rider on the same course for all tests and had a control bike where we were able
to determine normal rates of fork flop on a standard bike. After careful consideration, our team decided to
use Professor Kean’s hand-built aluminum frame bike as our testing rig. A thorough risk assessment and
safety review was also conducted prior to beginning testing on any bike.
To create a unique solution that fulfills consumer needs in a strict timeframe, numerous project
management resources were utilized. General project oversight along with key deliverables and milestones
are outlined in the attached Gantt Chart (Appendix C). With a Final Design Report submission date of June
4th, maintaining an updated Gantt Chart was essential for all parts of this research, design, build, and test
process. To summarize the milestones necessary to deliver a solution, Table 8.1 below displays deliverables
along with the associated due date. Additionally, a description of the design process and timeline we
followed will be outlined below.
Table 8.1. Summary of deliverable dates
Deliverable
Statement of Work (SOW)
Preliminary Design Review Report (PDR)
Interim Design Review (IDR)
Critical Design Review (CDR)
Manufacturing & Test Review (MTR)
Final Design Review (FDR)

Completion Date
10/13/20
11/12/20
1/14/21
2/11/21
3/11/21
6/4/21

Fall Quarter: The major deliverables for Fall Quarter were the Statement of Work (SOW) and Preliminary
Design Review Report (PDR). The SOW outlined the project, determined a project timeline, and helped
the design team and sponsor come to an agreement on the scope of the project. Technical, stakeholder and
product research was conducted to develop a Specifications Table and QFD. Extensive ideation and concept
prototyping led our team to a proposed design that meets or exceeds the stakeholders’ desires. Review of
safety guidelines, as well as further testing and design analysis, lead our team to a comprehensive Winter
Break plan.
Winter Quarter: A number of significant milestones occurred over the course of Winter Quarter: Interim
Design Review (IDR), Critical Design Review (CDR), and Manufacturing & Test Review (MTR). IDR
capped the design analysis that was ongoing from Fall Quarter and ensured the project is still on track. Prior
to CDR, extensive prototyping, developing of manufacturing plans, and part selection took place. After
receiving feedback from the CDR session, risk assessment, safety reviews, and build days will led us into
MTR.
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Spring Quarter: As the project completion date begins to come into view, we proceeded full steam ahead
on building, testing, and improving our product. The entirety of this process lead to the Project Expo and
Final Design Review Report (FDR). At the ongoing Project Expo website, our product will be presented
and on display for peers, faculty, and members of industry. In combination with the final product, Expo
video, and Expo poster, the final report will be compiled explaining our complete process.

9.0 Conclusion and Recommendations
In this document we discussed research that had been performed, the objectives of this project, and
the timeline of project milestones. From the research, we found that there is a need for this product: from
customer research to similar products and patents that do not exactly fulfil the customer’s needs. Technical
research was done to show an understanding of how the product will work. Objectives were then laid out
for a clear understanding of how the problem will be solved and the outline of the project was then
presented. The process of concept ideation was explained as well as a final proposed design. Initial
calculations and cost estimates were developed to support our design direction. Manufacturing and design
verification plans were outlined to help guide our team to proper assessment and completion of this design
solution. We hope that we are in agreement with the final concept presented. The final deliverable will be
the Final Design Review Report which will be completed on June 4th.
In the course of completing this project, from ideation to manufacturing and testing, many aspects
of the project went according to plan while others required significant adjustment and changes. For testing,
a solidified plan for how to verify the device performed was still being developed with a few weeks to
spare. Eventually, the load cell approach seemed to be the best possible solution because it provided a way
to measure steering inputs with time. While other methods were being considered, this approach used
numerical data to back up assertions that the device was working.
When it came to manufacturing, multiple challenges arose that required on the fly decisions.
Machining the circular spacers were particularly challenging as the rotary chuck didn’t allow for much
clearance between the tooling and the stock. To resolve this on future productions, CNC milling would be
a far more efficient use of time. Additionally, the final design tried to minimize extra weight and bulky
screws so #1 screws were originally called out. Availability of small tap sizes resulted in a design change
to #4 screws which led to oversized bolts being used on components. Other challenges related to shop policy
and access led to poorer surface finishes and bulkier final product. Working within two hour time slots with
only two team members where setup, manufacturing and cleanup must all take place proved to be
challenging and inefficient.
When it came to manufacturing, multiple challenges arose that required on the fly decisions.
Machining the circular spacers were particularly challenging as the rotary chuck didn’t allow for much
clearance between the tooling and the stock. To resolve this on future productions, CNC milling would be
a far more efficient use of time. Additionally, the final design tried to minimize extra weight and bulky
screws so #1 screws were originally called out. Availability of small tap sizes resulted in a design change
to #4 screws which led to oversized bolts being used on components. Other challenges related to shop policy
and access led to poorer surface finishes and a bulkier final product. Working within two hour time slots
with only two team members where setup, manufacturing and cleanup must all take place proved to be
challenging and inefficient. For future production, longer shop hours and time slots would help streamline
manufacturing, even if that meant fewer total sessions at the shop.
The main takeaway from this project is that the device does create a more stable riding condition
for the rider when used on a bike with a slack head tube angle. While the effectiveness of the device can be
felt more in a qualitative sense, quantitative data also shows a reduction in the moment about the steering
axis from the rider’s steering inputs when the maximum setting on the device is applied. This reduction in
moment suggests that there may have been a decrease in the amount of fork flop that the rider was
experiencing. In addition to the device improving the stability of the ride, another aspect of the project that
went well was having actual adjustment of the spring stiffness. More specifically, the adjustable aspect of

49

this device was a critical parameter of this design which was met. By implementing a lead screw, the design
included a continuous adjustment feature which created a notable change in stiffness of the torsion springs
inside of the spacers.
To address some aspects of this project that did not work well, the goal of measuring fork flop was
something that unfortunately was not accomplished. The main reason for an unsuccessful fork flop
measurement comes down to the fact that fork flop is dependent on location of the center of mass of the
bike and rider system. The center of mass location is dynamic and changes constantly through the course
of a ride which makes it very difficult to measure properly. While the compromise of measuring moments
was made to simplify the testing process, the true value of fork flop remains uncertain. While this does not
dramatically change the interpretation of the results or change the understanding of the device performance,
this is something that could be explored more thoroughly if this project were to be done again. Another
aspect of this project that did not go well was not having a very clear method to turn the device “off”. While
the lead screw was able to back the tab all the way out such that the legs of the springs were no longer
contacting it, the design does not include a specified feature that eliminates its effects entirely.
9.1 Next Steps
The geometry of mountain bikes changes as riding styles change. With current head tube angles
becoming increasingly slack, we find the need to correct fork flop more important. For future designs and
improvements, this device will be fully integrated into the headset and be internal to the head tube. An
integrated solution would likely require more expertise in both manufacturing and a more thorough
understanding of bicycle handling characteristics. This would also require the use of customized springs.
While the device presented in this document is a headset, an integrated solution could be a new direction
to take this project entirely and would demand a cleverer approach. This would also vastly improve the
aesthetics of the assembly on the bike and allow for riders to buy complete bikes that use utilize this
solution.
To continue developing this design, it is recommended that an internal head tube approach be used
that may require customization of springs, not only machined parts. Comprehensive research could be done
to design springs specific to the requirements rather than using off the shelf springs. Finally, accelerometers
could be used to collect data in a less cumbersome way that would not inhibit the rider from inputting
completely natural steering inputs into the bike.
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Appendices
Appendix A. Stakeholder Needs and Wants
Item #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Needs/Wants Description
Fit with current headsets
Attach to sizes of bikes already in existence
Display current spring setting
Enclosed moving parts
Quiet operation
Easy to install for the average user
Add adjustability to rotation of fork at slow speeds (flop)
Add resistive force to fork wanting to flop to one side at lower speed
Adjustable spring rate
Not endanger riders or bystanders
Neatly packaged with little impact to weight
Easy operation and maintenance
Needs to perform under wet, dusty, muddy conditions
Durability consistent with other parts on the bike, multiple years or wear and tear
Low cost to produce and maintain
Final delivery date of June 4th
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Appendix B: QFD House of Quality Table
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Appendix C: Project Gantt Chart
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56

Appendix D: Jamboard Session
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Appendix E: Ideation Design Ideas

58

59

60

61

Appendix F: Pugh Matrices for Functions

62

63

64

65

66

67

Appendix G: Design Hazards Checklist
FDR Design Hazard Checklist

Y

F65 – Adjustable Bike Headset

N
X

1. Will any part of the design create hazardous revolving, reciprocating, running,
shearing, punching, pressing, squeezing, drawing, cutting, rolling, mixing or
similar action, including pinch points and sheer points?

X

2. Can any part of the design undergo high accelerations/decelerations?

X

3. Will the system have any large moving masses or large forces?

X

4. Will the system produce a projectile?

X

5. Would it be possible for the system to fall under gravity creating injury?

X

6. Will a user be exposed to overhanging weights as part of the design?

X

7. Will the system have any sharp edges?
X

8. Will any part of the electrical systems not be grounded?

X

9. Will there be any large batteries or electrical voltage in the system above 40 V?

X

10. Will there be any stored energy in the system such as batteries, flywheels,
hanging weights or pressurized fluids?

X

11. Will there be any explosive or flammable liquids, gases, or dust fuel as part of
the system?

X

12. Will the user of the design be required to exert any abnormal effort or physical
posture during the use of the design?

X

13. Will there be any materials known to be hazardous to humans involved in
either the design or the manufacturing of the design?

X

14. Can the system generate high levels of noise?
15. Will the device/system be exposed to extreme environmental conditions such
as fog, humidity, cold, high temperatures, etc?

X
X

16. Is it possible for the system to be used in an unsafe manner?

X

17. Will there be any other potential hazards not listed above? If yes, please
explain on reverse.

For any “Y” responses, on the reverse side add:
(1) a complete description of the hazard,
(2) the corrective action(s) you plan to take to protect the user, and
(3) a date by which the planned actions will be completed.
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FDR Design Hazard Checklist

F65 – Adjustable Bike Headset

Description of Hazard

Planned Corrective Action

The headset will be attached
on the rider-side of the
frame leading to accidental
contact with sharp edges

- Round off any external corners during
manufacturing
- Minimize the amount of sharp edges and
rigid components sticking up at the rider
- Ensure design is properly secured to
frame and no components will be moving
around while riding
- Weather resistant materials and sealed
bearings used in design.
- User interface covers springs and moving
components.
- Performance under extreme weather
conditions to be tested per engineering
specs.

The headset will be
frequently exposed to
moisture, heat, mud, and
dirt.
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Planned Actual
Date
Date

4/28/21

5/6/21

5/5/21

5/6/21

Appendix H: Weighted Decision Matrix
Engineering Specs
Spring Adjustability
Heat Resistance
Weight
Adjustment Time
Weather Resistance
Cost
Installation Time
User Feedback
Aesthetic
Fork Flop Stiffness
Maximum Diameter (Internal Integration)
Maximum Volume (External Integration)

Sum

Weights
15
4
10
6
5
2
7
15
4
20
12
12

100

Idea 1

5.18

Total
0.375
0.4
0.75
0.6
0.125
0.12
0.14
0.75
0.08
1.6
0.24

Idea 2

Score
10
10
8
9
8
4
1
5
7
8
5
-

7.02

Total
1.5
0.4
0.8
0.54
0.4
0.08
0.07
0.75
0.28
1.6
0.6
-

Idea 3

Score
7.5
10
7.5
9
2.5
4
9
5
5
8
8

7.16

Total
1.125
0.4
0.75
0.54
0.125
0.08
0.63
0.75
0.2
1.6
0.96

Idea 4

Score
10
10
8
9
8
3
9
5
7.5
8
5

7.58

Total
1.5
0.4
0.8
0.54
0.4
0.06
0.63
0.75
0.3
1.6
0.6

Rods bump up against leaf springs to
Torsion spring externally attached
Dual Internal Torsion Spring
Dual torsion spring attached to
create correcting force. The dial on the
to bike frame with on/off switch
System. Coils wrap around fork.
headtube and frame. Includes
handlebars adjusts how close the rods
located on headset stack,
One Torsion spring is secured to the
adjustable rate and on/off switch
are together. The closer the together the
additional play allowed below
frame, the other is secured to the
as well as linear damper attached
further in the on leaf spring the rods hit
headset before steering engages
fork
to handlebars
causing a stiffer spring.
Score
2.5
10
7.5
10
2.5
6
2
5
2
8
2

Idea 4 got the most points awarded in this decision matrix. The engineering specifications with the most weight were spring
adjustability, weight, user feedback and fork flop stiffness. After discussing each of the ideas and rating them on a scale of 1 to 10,
they were each assigned a score in bold at the bottom which takes into accounting the weighting of each engineering specification. It
should be noted that some engineering specs listed do not reflect the weighting used in the QFD and were reassigned weighting
based on the current direction of the team. Idea 4 was able to meet most of the engineering specifications.
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Appendix I: Preliminary Analysis
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Appendix J: Failure Modes & Effects Analysis (FMEA)
Design Failure Mode and Effects Analysis

Product: _____________________________

Prepared by: _____________________________

a) Under correction for
user
b)Lower stability

Pin breaks

a) Under correction for
user
b) Lower stability

a) Pin size analysis
b) Pin size analysis
c) Pin size analysis

5

1) Perform testing

2

50

a) slot is too thin
b) slot is sized incorrectly
c) numbering not visible

a) Pin size analysis
b) Pin size analysis
c) Engraving
Numbering

2

1) Visible during
manufacturing

1

18

4

a) poorly secured cap
b) misalignment of pin
c) poorly secured pin

a) Bolt compression
analysis
b) Pin size analysis
c) Pin size analysis

4

1) Perform
preliminary testing

4

64

5

a) debris enters housing
b) too thin
c) incorrectly sized

a) Closed Housing
b) Pin Sizing Analysis

5

1) FEA

7

175

4

1) Fatigue
analysis

5

180

9

Spring Bends

a) Under correction for
user
b) Lower stability

9

a) too small diameter
b) incorrect load rating
c) out of plane movement

a) Spring Analysis
b) Sleeve Sizing
Analysis
c) Slot Sizing
Analysis

Debris in upper
components

a) Under correction for
user
b) Lower stability

4

a) Wall housing too thin
(deforms)
b) High friction rotation
c) Poor sizing

a) increase wall
diameter
b) aquire low friction
bearings
c) tight tolerance

5

1) User feedback
2) Testing

4

80

Bad press fit

a) Under correction for
user
b) Lower stability

4

a) incorrectly sized
b) poor manufacturing
c) poor fit
d) not concentric with
sleeve

a) Bearing
analysis
b) Bearing
c) Bearing
Analysis
d) Bearing
analysis

3

1) Visible during
manufacturing

2

24

Top Plate/
Interface
moving
components

Analysis
size

9

a) too small diameter
b) incorrect sizing (too
much play)

a) measure with tight
tolerance
b) assure
measurements are
accurate

4

1) Visible during
manufacturing

2

72

Worn rubber gasket

a) Doesn't fit to bike
b) Under correction

4

a) adverse weather effects

a) provide easy way
to replace gasket

9

1) Customer
reviews

2

72

a) Under correction for
Bottom
Twisting support column
user
Bracket/Fits to
connection
b) Lower stability
existing frames

9

improper sizing/shape

a) stress analysis
b) defliction analysis

7

1) FEA/Testing

5

315

a) Under correction for
user
b) Lower stability

9

a) Incorrect sizing
b) Extreme load cases
(shearing)
c) Impact from crash

a) bolt sizing
b) bolt analysis

2

1) Testing

9

162

a) Under correction for
Deformation of materials user
b) Lower stability

5

a) Too thin (bent pieces)
b) Wrong sizing/shape

a) stress analysis
b) defliction analysis

3

1) Testing

5

75

a) Doesn't fit to bike
b) Under correction

9

a) wrong sizing
b) manufacturing defect

a) bolt sizing
b) bolt analysis

5

1) Visual test

a) Under correction for
user
b) Lower stability
c) Doesn't fit to bike

4

incorrect sizing

a) improve tolerance
c) measure diameter
d) measure
accurately

6

1) Manufacturing
2) Visual test

9

216

a) Under correction for
user
b) Lower stability
c) Doesn't fit to bike

8

a) Not torqued down
b) Not enough friction

a) analyze friction
force
b) analyze bolt torque
and force

7

1) Testing

5

280

a) Under correction for
user
b) Lower stability

8

a) Not torqued down
enough
b) Not enough friction
(worn gasket)

a) Use a torque
wrench
b) Gasket
compression analysis

1

1) Bolt FEA
2) Gasket FEA

1

8

a) under/over correction
for user
b) Less stability for rider

5

a) Failure of profile

a) Analysis of profile
manufacturing

2

1) Testing with
springs

3

30

7

1) Testing with
springs
2) Overseeing
manufacturing

6

252

Bottom
Plate/Fits to
existing upper Poor plate/headtube fit
head tubes

Rotates separate from
headtube

Sheared head bolt

Slots stop at wrong
Bottom
angle
Plate/Interface
s fork w/
components
Failure of slots

10

6

a) Incorrect sizing
b) Poor manufacturing

a) Slot size analysis
b) Tight tolerance for
slots

Too narrow of spring
angle

a) Under correction for
user
b) Lower stability

4

a) too small diameter

a) Spring size
analysis

1

1) Testing

2

8

Poor spring/sleeve fit

a) Under correction for
user
b) Lower stability
c) Doesn't fit to bike

6

a) not concentric with
housing
b) too small diameter

a) Sleeve size
analysis
b) Sleeve/Spring size
analysis

5

1) Testing with
springs
2)Testing with
springs

3

90

a) Under correction for
user
b) Lower stability
c) Doesn't fit to bike

8

a) Not enough friction
b) Poorly secured
c) Impact from crash

1) Test adhesive
between materials
2) Test adhesive
between materials
3) Increase material
thickness

5

1) Testing/FEA

4

160

F65 - Design FMEA.xlsx

0

0

0

Camden 2/12

Bolts sized accordingly

9

0

10

Test plate and headtube fit
with prototype

Camden 3/11

Precise machining

1

0

9

Clamp prototype to existing
bikes and test what kind of
forces it can withstand
rotation for

Jonah 3/11

Bolted collars were used to
eliminate the potential for
the plate to rotate

3

1

5

Test slot design on
structural prototype

Drew 3/11

Wall thickness increased

6

1

6

Page 1 of 2
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Perform finite element
analysis of the part under
the appropriate loading
conditions and modify the
design to accomodate for
high stress concentration

In depth research of
headsets and size of bolt
450 used for top cap, test bolt
size using a guide (Ace
Hardware)

a) Under/over correction
for user
b) Lower stability
c) Doesn't fit to bike

Bottom
Poor binding to fixed
Plate/Interface
surfaces
moving
components

Design was refined to
remove this column, thus
alleviating severity,
occurance, and critcal

Actions Taken

size

a) Doesn't fit to bike

Incorrectly sized bolt

3/11

Responsibility &
Recommended Action(s) Target Completion
Date

size

Wrong clamp diameter

Sheared bolts

Criticality

Unwanted
disengagement

a) slot is too thin
b) slot is sized incorrectly
c) pin doesnt stay in
setting

Severity

Top
plate/Interact
with Springs

a) User will experience
over/under correction

5

Occurence

Slot and pin don't
interface

a) User will experience
over/under correction

Potential Causes of
the Failure Mode

Priority

Pin doesn't move or
slide

Potential Effects of
the Failure Mode

Detection

Top plate/
provide
adjustability

Potential Failure
Mode

Occurence

System /
Function

Severity

Action Results
Current
Detection
Activities

Current
Preventative
Activities

Revision Date: 6/1/21

Design Failure Mode and Effects Analysis

Product: _____________________________

Prepared by: _____________________________

a) Debris enter housing
b) Poor sizing
c) Poor manufacturing

1) Covered by
housing
2) Determine sweep
of springs
3) Implement GD&T

1

1) Testing of
sweep
2) Visual
inspection when
ordering

1

8

Bent/snapped/twisted
spring

a) Under correction for
user
b) Lower stability

8

a) Too small diameter
b) Incorrect load rating
c) Out of plane movement

1) Increase diameter
2) Sizing analysis
3) Keep motion within
profile of slot

2

1) Visual
inspection
2) Component
testing

1

16

a) Too thin (bent pieces)
b) Failure of profile
c) Incorrect sizing

1) Increase wall
thickness
2) Design analysis
3) Design analysis

3

1) Visual
inspection

5

90

3

1) Visual
inspection
2) Component
testing

7

126

Bottom
Plate/Provide Over stretched
Resistive Force

Spring fatigue

a) Under correction for
user
b) Lower stability
a) Under correction for
user
b) Lower stability

F65 - Design FMEA.xlsx

6

6

a) Incorrect load rating
b) Out of plane movement
c) Poor manufacturing

Current
Preventative
Activities

1) Sizing analysis
2) Limit motion
3) Implement GD&T

Current
Detection
Activities

Page 2 of 2
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Responsibility &
Recommended Action(s) Target Completion
Date

Actions Taken

Criticality

8

Potential Causes of
the Failure Mode

Severity

a) Under correction for
user
b) Lower stability
c) Doesn't fit to bike

Potential Effects of
the Failure Mode

Occurence

Priority

Spring slots limits
motion

Potential Failure
Mode

Severity

Detection

Top plate/
provide
adjustability

Occurence

Action Results
Bottom
Plate/Interface
System /
moving
Function
components

Revision Date: 6/1/21

Appendix K: Spring Force Analysis Excel Sheets
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Appendix L: Design Verification Plan & Report
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Appendix M: Linear Fork Flop Investigation
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Appendix N: Spring Fatigue Calculations

Max
Max
Average
provided
provided
moment
moment
moment experienced
from spring
from spring while in use
experienced
(lb in)
(lb in)
in use (lb in)

wire
diameter
(in)

outer
diameter
(in)

Mmax

Mmax

Mave

d

D

11.7234

19.539

5.8617

0.105

1.237

Constant
(psi in)

exponent
constant

ultimate
strength

yield
strength

Sut

Sy

A

m

169000

0.146

234851.35 143259.33

spring index

bending
stress
correction
factor

C

Ki

average mean stress
stress (psi)
(psi)

σa

σm

ultimate
strength
(psi)

fatigue
strength
(psi)

endurance
limit (psi)

strength
amplitude
component

factor of
safety

Sut

Sr

Se

Sa

Nf

11.780952 1.0675988 55063.507 55063.507 234851.35 124471.22 66936.203 62235.609 1.1302515
max spring moment
based on wire
diameter and stress
correction factor (lb in)

Mmax
15.2504487
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Appendix O: Drawing Package

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94
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Appendix P: Experimental Test Procedures
Test Name: Fork Flop Pressure Sensor
Purpose: Verify performance of design, gather data on forces experienced by rider,
determine adjustability range for users who want a certain amount of correction
Scope: This test will include the entire assembly and will focus on the pressure experienced
between the rider’s hands and the bike as they ride. Test runs with and without our device will be
conducted so we can quantify improvement.
Equipment:
- Verified Prototype assembly
- DAQ (OM-DAQ-USB-2401 with associated computer for data collection
- 2 possible load cells (LC-101-50)
- Assembled test bike
Hazards:
- Pinch points during installation
- Sharp edges on spring legs
- Rigid structures bolted outside of normal frame area, bumping of limbs into device during
fall/crash
- Poorly chamfered edges
PPE Requirements:
- Helmet for rider
- Closed toe shoes
Facility: The test will take place in an open area, free of major obstacles. Testing performance
on a hill/incline will result in data more representative of the environment riders will experience.
No major testing equipment or lab will be necessary.
Procedure:
No adjustable headset device installed (performed on safety bike and test bike)
1.
Calibrate equipment (force/pressure sensors, potentiometer assuming
the device isn’t calibrated)
2.
Set up test course (ideally a hill or a parking lot)
3.
Attach DAQ and sensors to the test bike
4.
User rides outlined course while taking measurements.
5.
Repeat step 4 twice more to get a total of 3 sets of data.
Adjustable headset installed
1.
Calibrate equipment (force/pressure sensors, potentiometer assuming
the device isn’t calibrated)
2.
Set up test course (ideally a hill or a parking lot)
3.
Attach DAQ and sensors to the test bike
4.
User rides outlined course while taking measurements.
5.
Repeat step 4 twice more to get a total of 3 sets of data.

Results: Pass Criteria, Fail Criteria, Number of samples to test
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Ideally, we will perform 3 runs of the device installed and the device not installed to get a
sense for how the device is impacting performance. We are looking for values for maximum and
minimum pressures that are similar to a safety bike. Additionally, since there are too many
variables at play to perform repeatable testing scenarios, averaging the maximum and minimum
data together is the best way to evaluate the success of the device.

Safety bike
Test bike (no device)
Test bike (with device)

Total average moment

Max average moment

Lbf-in

Lbf-in

16.26
37.54
23.04

43.76
91.28
71.36

Test Date(s): 5-13-21
Performed By: Matt
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Test Name: Heat Resistance
Purpose: Verify performance of design under adverse conditions related to elevated
temperatures, ensure proper function and rider safety under these conditions
Scope: This test will be conducted after the fork flop tests are run under normal conditions as the
bike will already be set up and we will have characteristic data. Forces will still be measured
using the same sensors as in the fork flop tests.
Equipment:
- Verified Prototype assembly
- DAQ with associated computer for data collection
- 4 pressure sensors
- Potentiometer
- Assembled test bike
- Heat gun
- Temperature gage
Hazards:
- Hot surface temperature of heat gun and assembly
- Sharp edges on spring legs
- Rigid structures bolted outside of normal frame area, bumping of limbs into device during
fall/crash
PPE Requirements:
- Helmet for rider
- Closed toe shoes
- Insulated gloves for touching/grabbing any surface that has been heated up.
Facility: This test will take place in an open area, free of major obstacles yet close to an outlet to
heating the product. No major testing equipment or lab will be necessary.
Procedure:
1.
2.
gage)
3.
4.
5.

With assembly already installed, begin heating up the heat sensor
Ensure equipment has been calibrated (force/pressure sensors, temperature
Use heat gun to heat the surface temperature of the headset to 150 ℉
Once up to temperature, have rider complete course as they did before
Complete 3 runs to get a characteristic data set
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Results: Pass Criteria, Fail Criteria, Number of samples to test
Ave. Moment Max Moment
Run 1
21.02
55.48
Run 2
Run 3

22.68
24.44

Surface Temp at
time of run

65.32
73.17

Test Date(s): 5/13/21
Performed By: Drew, Camden, Jonah, Matt
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~ 150 F

Test Name: Weight
Purpose: Verify weight of design on a scale
Scope: This test will be conducted before any use on a bicycle to confirm that the design meets
the weight requirements we set.
Equipment:
- Verified Prototype assembly
- Scale
Hazards:
- Sharp edges on spring legs
PPE Requirements:
- Closed toe shoes
Facility: This test will take place in an open area, free of major. No major testing equipment or
lab will be necessary.
Procedure:
1. Take out scale, zero any weight already being recorded without assembly
on scale
2. Place full assembly on scale, record weight measured by scale
3. Repeat measurement 3 times

Results: Pass Criteria, Fail Criteria, Number of samples to test
Recorded Weight
Measurement 1

0.97 lb

Measurement 2

0.97 lb

Measurement 3

0.97 lb

Test Date(s): 5/11/21
Test Results: Pass, all measurements were under the specified 2 lb.
Performed By: Matthew Mounteer, Jonah Masumoto

101

Test Name: User Adjustment Time
Purpose: Verify reasonable adjustability time for users, confirm full range of adjustability
Scope: This test will include the entire assembly and will focus on the time it takes the user to
adjust the device from the lowest setting to highest setting to represent a situation where the rider
wishes to change the fork flop stiffness. The installation time will be determined in an additional
procedure, so this test relies on the device being already installed.
Equipment:
- Verified Prototype assembly
- Stop watch
- Users
- Assembled test bike
Hazards:
- Sharp edges on spring legs
- Rigid structures bolted outside of normal frame area, bumping of limbs into device during
fall/crash
- Poorly chamfered edges
PPE Requirements:
- Helmet for rider
- Closed toe shoes
Facility: The test will take place in an open area, free of major obstacles. Testing performance
on a hill/incline will result in data more representative of the environment riders will experience.
No major testing equipment or lab will be necessary.
Procedure:
Adjustable headset installed
1.
Have rider mount bike and set the device to the easiest level
2.
Start the stopwatch when the user is ready to begin adjusting
3.
Have user adjust from the easier to hard position
4.
Stop the stopwatch when the user is finished adjusting and ready to begin
riding again
5.
Record the adjustment time in the data table.
6.
Repeat adjustment process for 4 total users
Results: Pass Criteria, Fail Criteria, Number of samples to test
Ideally, we will perform 3-4 runs recording the time it takes different users to adjust our
device. Averaging that adjustment time and comparing it to the pass/fail criteria will let us know
if our design meets desired specifications
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User 1
User 2
User 3
User 4

Time
2.05
4.08
4.91
5.02

Pass/Fail <60s
Pass
Pass
Pass
pass

Test Date(s): 5/13/21
Test Results: Pass, each test was under the required 60 seconds.
Performed By: Jonah Masumoto, Camden Boshart. Matthew Mounteer, Drew Drees
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Test Name: Weather Resistance
Purpose: Verify performance of design under adverse conditions related to extreme weather,
ensure proper function and rider safety under these conditions
Scope: This test will be conducted after the fork flop tests are run under normal conditions as the
bike will already be set up and we will have characteristic data. Forces will still be measured
using the same sensors as in the fork flop tests.
Equipment:
- Verified Prototype assembly
- DAQ with associated computer for data collection
- 4 pressure sensors
- Potentiometer
- Assembled test bike
- Bucket of water/dirt/mud
Hazards:
- Sharp edges on spring legs
- Rigid structures bolted outside of normal frame area, bumping of limbs into device during
fall/crash
PPE Requirements:
- Helmet for rider
- Closed toe shoes
Facility: This test will take place in an open area, free of major obstacles yet close to source of
water and dirt to be used as debris. No major testing equipment or lab will be necessary.
Procedure:
1.
2.
mud
3.
4.

Ensure equipment has been calibrated (force/pressure sensors)
Wet down the entire assembly while covering the components in dirt and
Have rider complete course
Complete 3 runs to get a characteristic data set

Test Date(s):
5/13/21
Test Results:
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Peak Moment Avg. Moment
(lbf-in)
(lbf-in)
Run 1

63.59

24.02

Run 2

59.26

22.57

Run 3

46.84

14.63

Performed By: Camden Boshart
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Test Name: Installation Time
Purpose: Verify the time it takes users to install the full assembly onto a bicycle for use.
Scope: This test will be conducted with multiple riders to gather a few examples of how long it
takes a rider to go from a bicycle with everything already tightened to a bicycle with our
assembly attached and installed and everything tightened.
Equipment:
- Verified Prototype assembly
- Hex key set
- Fully built bicycle
- Electronic Timer
Hazards:
- Sharp edges on spring legs
- Pinch points with fasteners being removed from the bicycle and assembly for installation
PPE Requirements:
- Closed toe shoes
Facility: This test will take place in an open area, free of major. No major testing equipment or
lab will be necessary.
Procedure:
1. Start with a fully built bike and our separate assembly. Start timer
and have tester disassemble bike stem and install assembly
2. Stop timer when assembly and bike are fully tightened and ready to
ride and record time measurement
3. Repeat process with two other testers and record measurements
Results: Pass Criteria, Fail Criteria, Number of samples to test
Recorded Time
Time 1
9:58
Time 2
6:16
Time 3

5:09

Test Date(s): 5/13/21
Test Results: Pass, all times were under 20 minutes.
Performed By: Camden Boshart, Matthew Mounteer, Drew Drees
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Test Name: Aesthetic
Purpose: Evaluate the aesthetics of the design based off of user feedback using a Google sheet
scale that asks for aesthetic design input.
Scope: This test will involve comparison between different configurations of the bike; one with
the device and one without the device. The main way this will be performed is by developing a
criteria and rating scale for the bike.
Equipment:
- Verified Prototype assembly
- Laptop for taking survey
- Safety Bike
- Assembled test bike
Hazards:
- Rigid structures bolted outside of normal frame area, bumping of limbs into device during
fall/crash
PPE Requirements:
• Facemask
Facility: This test will take place in an open area, free of major obstacles yet close to an outlet to
heating the product. No major testing equipment or lab will be necessary.
Procedure:
1.
2.
3.
4.

Have assembly already completed
Ask surveyed user to fill out survey about aesthetic appeal
Put assembly on bike
Ask surveyed user to fill out survey about aesthetic appeal

Results: Pass Criteria, Fail Criteria, Number of samples to test

How does the overall Very Well
aesthetic fit with the
bike?
Does the design feel Very
obstructive?
obstructive
How does the metal Very Well
blend with the
frame?

Survey
Somewhat

Can’t Tell

Somewhat obstructive Somewhat
unobstructive
Somewhat
Can’t Tell

Test Date(s): 5/18/21-5/20/21
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Not at all

Not obstructive at
all
Not at all

Test Results: Fail
https://docs.google.com/forms/d/e/1FAIpQLScXbuQyxXJ_5MUObvrfwVK0xlxpW1qGagjVwer
YcsnMW-1H9g/viewform
Question
How does the overall aesthetic fit with the bike?
Does the design feel obstructive?
How well does the metal blend with the frame?
Total: 69%
Performed By: Virtual survey by Jonah Masumoto
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% satisfaction
67%
79%
60%

Test Name: User Feedback
Purpose: Evaluate the design based off of user feedback using a Google sheet scale that asks for
comfort and how well the design was able to alleviate the effects of fork flop
Scope: This test will involve using a safety bike as well as the bike with our device on it and
compare the riding between the two bikes. Main factors to consider will be how well they can
control the bike, how easy it is to adjust the stiffness, how the test bike compares with a safety
bike in terms of steering and safety.
Equipment:
- Verified Prototype assembly
- Laptop for taking survey
- Safety Bike
- Assembled test bike
Hazards:
- Hot surface temperature of heat gun and assembly
- Sharp edges on spring legs
- Rigid structures bolted outside of normal frame area, bumping of limbs into device during
fall/crash
PPE Requirements:
- Helmet for rider
- Closed toe shoes
- Insulated gloves for touching/grabbing any surface that has been heated up.
Facility: This test will take place in an open area, free of major obstacles yet close to an outlet to
heating the product. No major testing equipment or lab will be necessary.
Procedure:
1.
2.
3.
4.
5.

With assembly already installed
Have rider complete the course on safety bike
Have rider complete the course on the bike with our device
Take survey asking the questions listed below
Complete 2 runs with each bike

Results: Pass Criteria, Fail Criteria, Number of samples to test
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How well does the Very Well
ride compare with
safety bike?

How safe do you
feel on this bike?
How easy is it to
install?
How easy is it to
adjust?
How easy is it to
steer?

Very Safe
Very easy
Very easy
Very easy

Survey
Somewhat
Can’t Tell
Somewhat safe Somewhat
unsafe
Somewhat
Somewhat
easy
hard
Somewhat
Somewhat
easy
hard
Somewhat
Somewhat
easy
hard

Not at all
Not safe at all
Very hard
Very hard
Very hard

Test Date(s): 5/18/21
Test Results: Pass
https://docs.google.com/forms/d/e/1FAIpQLScQFjEvzkLBc9937ykVsAMYB9LW_9SoKtviVH
cLEQpW5C5xVg/viewform
Question
How well does the ride compare with a safety bike?
How easy is it to install?
How easy is it to adjust?
How easy is it to steer?
How safe do you feel on this bike?
Overall: 80%
Performed By: Virtual survey by Jonah Masumoto
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% satisfaction
81%
44%
100%
100%
75%

Appendix Q: Uncertainty Calculation
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Appendix R: User Manual

User Manual – Headset with Adjustable Internal Spring Rate
This user manual includes instructions for the proper installation, usage, and safety precautions. Please
read this section thoroughly before attempting to use this device.
1.

Preliminary Assembly
Spacer Assembly
a. To make it easier to attach, begin by gathering the two torsion springs, the aluminum spacers
along with two #8-32 x 1” bolts.

(a)

(b)

b. Beginning with the springs and spacers separated as shown in (a) above, angle the short end
of the spring legs such that they fit into the rear slots on the spacers as shown in (b). This may
take some hard pushing but do not be worried about breaking or bending the springs, they are
very robust.
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(a)

(b)

c. Push the springs into the spacers until they are nested into the spacers as shown in (a). You
can stack them on top of one another as shown in (b) ensuring that the long leg of the top
spacers is rested on top of the long leg of the bottom spacer.
Housing and Clamp Assembly
a. To begin, gather all of the parts used in the housing assembly as listed below:
- Main Housing block
- 2 x #8-32 x ½” hex socket head cap screws
- 4 x #4-40 x ½" hex socket head cap screws
- 1 Lead screw
- 3 x lock collars
- rear plate
- rear clamp
- inner pin

(a)

(b)
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b. Drop the #8-32 x ½ bolts through the bottom rear holes such that they sit nested in the
counterbores. Align two nuts such that the threaded part of the bolt’s feeds through the nuts.
Take the rear clamp and align the threaded holes with the bolts and fasten down the bolts.
The nuts should be the interface between the housing and the rear clamps.

c. Tighten down a lock collar to one end of the lead screw and insert it into the designated hole
of the housing as shown in the picture above.
d. With the lead screw inserted into the hole, thread on the pin as shown in (a) below. Turn the
lead screw such that the pin advances past the rear face of the housing. Take the rear plate
and align its holes with the hold for the lead screw and the holes in the housing. Using the 4 x
#4-40 x ½” hex socket head cap screws, bolt down the rear plate (b).

(a)

(b)
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e. Fasten down the remaining two lock collars to the rear end of the lead screw that protrudes
out of the rear plate hole. The assembly should look like the image below.

f.

2.

You are now ready for bike disassembly. Please use caution when proceeding with
installation, pinch points can occur when tightening down.

Bike Disassembly
a. Before removing any components, secure the bike to a bike stand or rest against a sturdy
surface to avoid tipping or rolling away. Begin disassembly by unscrewing the top cap bolt
seen in (a) below. Remove top cap and unscrew the two bolts clamping the stem to the
steerer tube (b). Gently remove handlebars and place to the side.

(a)

(b)
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3.

Attaching the Device
d. Begin device installation by stacking both spacers on the steerer tube with the openings
facing each other (the torsion springs should cross when installed. Tighten down the #8-32 x
1” bolt on the bottom spacer first, ensuring a snug fit on the steerer tube. Repeat for the top
spacer, ensuring the steps in the spacers are aligned.

a.

Grab the housing, front clamp, and the two #8-32 x ½” screws from the workspace. Feed the
tips of the torsion springs into the cavity of the housing. Make sure the leg of the torsion
spring in the top spacer is above the leg of the torsion spring in the bottom spacer when it
crosses into the housing (a). The crossing springs should rest against the inner pin once the
housing is properly secured (b).
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(a)
c.

(b)

Place the front clamp against the front of the headtube align the #8-32 x ½” screws with the
tapped holes in the rear clamp on the housing (a). Pulling the two clamps firmly towards one
another, begin to tighten either of the screws, alternating until snug to avoid cross threading
(b). The housing should not rotate around the headtube, continue tightening screws if
movement still occurs.

d. Place stem and handlebars back on the steerer tube (additional spacers may be necessary if
steerer tube is very long). Place headcap back on and tighten down the headcap bolt until
snug. Align handlebars perpendicular to the direction of the front wheel and tighten down
stem bolts.
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e.

4.

Grab a helmet and some closed toe shoes. You’re all set to ride!

Adjustment
a. To increase spring force resistance of the device, rotate the two back lock collars to the left.
For the maximum force, rotate the lock collars to the left until they stop when the inside nut
hits the housing.
b. To decrease spring force, rotate the lock collars to the right. Set to user desired stiffness.

118

5.

Removal
a. Starting with the front and rear clamps, untighten the two #8-32 x ½” bolts by alternating
turns on each bolt until the reap clamp and housing are free from the front clamp. Remove
both clamps and the housing from the bike.

b. Remove the compression bolt on the top of the bike stack and then loosen the two bolts for
the handlebar clamp assembly. Take the handlebar assembly off the steerer tube and place it
to the side for now.
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(a)

(b)

c. Loosen the two #8-32 x 1” bolts that are clamping each spacer onto the steerer tube. Once the
bolts have been loosened enough, slide the spacers up and off the steerer tube.

d. Place bike spacers in place of the spring spacers on the steerer tube then slide the handlebar
assembly back over the steerer tube.
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e. Put the compression bolt and cap back over the top of the handlebar assembly and then
tighten the compression bolt with the handlebars straight. Then, tighten the two bolts of the
handlebar assembly to clamp the handlebars to the steerer tube.

(a)
6.

(b)

Maintenance Considerations

Proper maintenance also plays a critical role is user safety and life of the design. The potential
hazards a rider may encounter on the trails can lead to poor performance and shortened total life of the
assembly. To mitigate the risk of failure, proper maintenance is not just encouraged, but required. Please
remember to:
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•
•
•

Keep the housing cavity, spacer, and spring areas free of as much debris as possible
Ensure all moving parts are free of debris by blowing any particles out of the housing and
spacers.
Wet down and dry all components of the product in addition to regularly washing your
bike.
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